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AUTHOR’S PREFACE. 


In my research work, and in connection With my lectures at 
the University and Technical School of Munich, I have for 
some time felt convinced that there existed a very evident gap 
in the literature relating to the diseases of plants. There was 
need of a newer and more complete work on cryptogamie para- 
sites and the diseases induced by them on higher plants, a work 
furnished with many accurate illustrations, with a survey of 
the newer literature, and with a general part wherein parasitism 
and the relations between parasite and host are discussed from 
a 1)otanical standpoint. Therefore, I have undertaken to write 
a book intended to supply in some degree this pressing want. 
Here the attempt has been made for the first time to review 
in a general and comparative manner the biological, physiological, 
and anatomical relationships accompanying the phenomena of 
parasitism. Already De llary has considered the varying degrees 
of parasitism and the plienomena of symbiosis in his celebrated 
Morph vlogy ami Jliology of the Fungi; while Wakker has laid 
the foundations of our knowledge of the alterations in the 
anatomy of jilants diseased by the agency of fungi, more especially, 
however, those alterations accompanying ‘hypertrophy.’ I venture 
to continue this difficult and comprehensive chapter of plant 
physiolog}, because for ten years I have devoted my time to 
the study of plant pathology. The book may be all the more 
acceptable since I have confirmed a large number of the 
observations and added the results of my own investigations, 
many of them now published for the first time. 

The })resent time is favourable to my work. The great 
Syllogc Fumjorim of Saccardo (with its appendices in Vols. ix. 
and X.) has been recently completed; the classic investigationa 
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of Brefeld in the domain of mycology, and containing his 
classification of the fungi, are now well advanced; the Krypto- 
gamm-Flora of Rabenhorst is nearly completed ; and the newer 
literature and observations are now periodically reviewed in the 
Zeitschrift fur Pfl'UTizcnkrankkeiteny and other magazines. The 
recent publication of several investigations on the influence of 
parasites on the anatomy of their host-plants greatly facilitated 
the compilation of the general part of the work. 

I have here attempted to summarize in a systematic manner 
the preventive and combative agencies available against the 
more important diseases of economic plants. In many cases 
these are supported by facts given in the chapters on the 
natural and artificial infection of host-plants, and their disposition 
» towards diseases produced by lower organisms. 

As already indicated in the title-page, the book deals only 
with those diseases of plants produced by the cryptogams and 
other lower organisms of the vegetable kingdom. The large 
number of parasites which attack such lower plants as algae 
and lichens, although not altogether neglected, have as a rule 
been omitted, otherwise the book could not have been brought 
within the limits of a single volume. In the second or systematic 
part of the book, the pathological phenomena are considered 
along with the description of the organism producing them. 
Where the diseases are of economic imj/ortance, measures for pre- 
vention and extermination are also suggested. Notices of grejiter 
length are given to such parasites and diseases as have formed 
the subject of special investigations. We could only aim at a 
complete list for Germany and the neighbouring countries, yet 
we have included many species of interest occurring in other 
parts of the world, notably in America. 

Though it will be possible to identify most of the more 
important parasites by the aid of this book, we do not intend 
it to replace the systematic works; we purpose rather to add 
to the descriptions given in Raljenhorst, Saccardo, and similar 
works. This book is intended above all to be, in the terms 
of its title-page, “an Introduction”; hence it seeks to orient 
in a general way, to give a summary of our knowledge, and to 
indicate the way to more detailed records. On this account 
great care has been taken in the citation of home and foreign 
literature, not only up to the time of finishing the manuscript 
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(Easter, 1894), but also during the time of proof-reading up 
till the following Christmas. 

lieference to the book will be rendered easier by the numerous 
illustrations, which are almost exclusively the work of the author, 
and reproduced either from drawings or from photographs of the 
living objects, in many cases taken in situ. I consider it more 
essential to illustrate the habitus of pathological objects rather 
than to give drawings of microscopic subjects; those one may 
find in other works. Some of the illustrations are copied from 
the excellent plates of Tulasne, Woronin, lie Bary, Klebs, Keess, 
Cohn, and Kobert Hartig ; while a number of woodcuts have 
been borrowed from the well-known Lehrhuch der Bmmhranh- 
hcilni of the last named author. 

The grouping of tlie ‘ Fungi imperfecti,’ which have not yet 
been worked up for the (lerinan flora, is based on Saccardo’s 
SyUo(je \ hence the arrangement into Hi/alosporae, etc., which 
is intended for the benefit of those having access to Saccardo. 
Particular attention has been paid in the two Indices to the 
scientific names of both parasites and hosts, to popular names, 
and to technical expressions. 

In my labours I received great assistance from the following 
sources: From the collection of pathological material begun by 
Professor Pobert Hartig, and now carried on with my help in 
the Botanical Institute of tlie Royal Bavarian School of Forestry 
in Munich ; from the facilities for research and photography^ 
afforded by the laboratories of the same institution ; from the 
Royal Library of Munich, the Library of the University, and the 
private pathological library of Professor Hartig. 

Living material for investigation has been kindly sent to me 
from many sourc(‘S, particularly from the following gentlemen : 
Herr Udirer Schnabl of Munich, Geh. ( Iberregierungsrath Prof. 
Kuhn of Halle, Hofgartner Kaiser of Munich, Pi of. Dr, Fries 
of Up.sala, Forstrath von Plonnies and Oberforster Losch at 
Amorbach. Preserved material came from Herr Hauptlehrer 
Allescher of Munich, Director Dr. Goethe and Dr. Wortmann in 
Geisenheim, Prof. Dr. Stahl of Jena, Prof. Dr. Magnus of Berlin, 
Prof. Dr. Grasmann and Prof. Dr. Loew of Tokio, Dr. Bnins 
of Erlangen kindly photographed some specimens in the botanical 
museum there. Numerous botanists have greatly assisted me by 
sending papers, especially Dr. Dietel of Leipzig ; I have also to 
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thank him for valuable aid with the Uredineae. To Prof. Dr. 
Soxhlet I am indebted for literature and the opportunity given 
to establish a museum of pathological material in connection with 
the agricultural division of the Munich Technical School. Dr. 
Solla of Trieste, while working in our laboratory here, very 
kindly translated the earlier fascicles of the ‘ Funghi parasitic! ’ 
of Briosi and Cavara as far as they were then published. Prof. 
Dr Wollny allowed me to carry out some researches on his 
experimental fields. Very opportune were the investigations of 
my pupils, Dr. Woernle and Dr. W. G. Smith, on the anatomical 
changes in plants attacked by Gymiiosporangeae and Exoasceae 
respectively. 

To all these gentlemen, and to many more who sent me 
material, but whom it is impossible to name individually in 
this place, I here express my warmest thanks. 

The reproduction of my drawings and photograjdis has been 
most carefully carried out by Herr O. Consc'e of Munich. I am 
also deeply indebted to the iniblisher, Herr Springer, for the 
excellent manner in whicli be Inis done his work ; this will 
no doubt be also appreciated by the reader. 

V. TUBEUF. 

Munich, December, 1894. 


NOTE TO THE ENGLISH EDITION. 

Since the publication of this work, I have received a large 
contribution of original papers. Though there was no time to 
embody all these in tlie English edition, yet many of them 
have been used for its correction and amplification. Some were 
of such a kind as to necessitate the re-writing of whole sef'tions, 
notably those on the genera Ejooscv^^ and Gymnosporanyium, 
The remainder will be thoroughly revised if a second German 
edition be called for. I again take the opportunity of thanking 
all those who have sent me literature, and I shall be grateful 
if they will continue to do so in the future. 

V. TUBEUF. 

Munich, December, 1895. 
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My justification for placing another translation in our libraries 
is that no such book as this exists in the English language, 
and that I could not, for some considerable time, see my way 
to collect so many observations on the cryptogamic parasites of 
higher plants, or to find so many suitable subjects for the 
pictorial illustration of their habits and structure, as Dr. von 
Tubeuf has given us. The work was undertaken all the more 
willingly, because, while working under the guidance of the 
author, I had seen the book take shape in his hands, and even 
added some items to its pages. 

The aims of the book are sufficiently set forth in the author’s 
prelace, and in the preparation of an English edition these 
have been kept in view. The first or general part and the 
more important descriptions in the second part are practically 
translations, but a certtiin amount of modification was found 
necessary in adapting the work to the requirements of English 
readers. With this object many additions were made both 
by the author and myself. Those which I have inserted are 
in most ca.ses indicated by the use of (Edit.): this has, how- 
ever, been entirely omitted in the group ‘Fungi imperfecti,’ 
and nearly so in the Uredineae, on account of the number of 
changes found necessary. I also thought it advisable to indicate 
whether the different species of fungi had been recorded for 
Britain and North America; this has been done generally by 
the use of brackets, — (Britain and U.S. America.) The records 
for Britain are taken from the works of Plowright, Massee, and 
others; those of three groups,— the Uredineae, Basidiomycetes, 
and ‘ Fungi imperfecti ’ were, however, revised by Professor J. 
W. H. Trail of Aberdeen, a well-known authority. For America 
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the records of economic interest are selected chiefly from Farlow 
and Seymour’s Host-Index, which contains the complete list. 

I here take the opportunity of expressing ray thanks to 
Professor 1. Bayley Balfour for valuable aid and advice; to 
Professor J. W. H. Trail for kindly revising important parts of 
the proofs; to my brother, Robert Smith, for assistance in proof- 
reading, and to other friends who have aided me. 

The difficulties of translation are well known ; in the present 
case they have been increased by the technical nature of the 
subject, and by the modification which the original has under- 
gone. Faults there must be; for those I ask the indulgence of 
the reader. 

W. G. SMITH. 


Royal Botanic Garden, 
Edinburgh, October, 1896. 
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PART FIRST. 


CHAPTER 1. 

THE PARASITIC FUNGI. 

The true Fungi, together with the Myxomycetes or Slime-fungi, 
and the Schizomycetes or Bacteria, constitute a group of the 
Cryptogams characterized by lack of chlorophyll. In consequence, 
the members of the group are unable to utilize light as a source 
of energy, and must obtain their food as organized mate^al, 
complex in comparison with the simple substances required by 
green plants. These fungi, in short, are, in common with animals, 
ultimately dependent for the greater portion of their support 
on living or dead ' chlorophyllous plants. According as they 
obtain nutriment from dead organic remains or from living 
plants or animals, we distinguish them as Saprophytes and 
Parasites respectively. The same mode of nutrition is found 
in the case of most non-chlorophyllous Phanerogams, and also 
in a few chlorophyllous plants, both Cryptogai^s and Phanero- 
gams. 

When parasitic Fungi, Bacteria, and other lower organisms 
attack higher plants, they, as a rule, endeavour to penetrate the 
living organs of their host. It is only when this penetration 
has taken place to some extent, and the parasite has thereby 
come into more or less close contact with the tissues of its host, 
that conditions suitable to a parasitic mode of nuttition are 
establisiied. 

To 'deal with the lower forms of vegetable parasites, with their 
relations to thehr respective hosts, and with the structural altera- 
tions which they bring into existence in the lattftp, is our laljject 
in the present book. 
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THE PARASITIC FUNGI. 


§ 1. DEFINITION OF THE PARASITISM OP FUNGI. 

Parasitic Fungi are those which, stimulated by the cell- 
contents of another living plant, penetrate wholly or partially 
into its tissues, and draw their nutriment from that source. 

Saprophytic Fungi are those which make no attempt to 
penetrate the tissues of living plants, but derive their nutriment 
from a dead substratum. 

Intermediate between these two extremes come those fungi 
which, in consequence of some stimulus, attempt to effect an 
entrance into the tissues of living plants by the secretion of some 
fluid or ferment, but only attain their object after first killing the 
part they attack (f.^. Sclerotinia sclerohorum). A special position 
must also be ascribed to certain forms which inhabit the wood 
of trees, but have not the power to penetrate through the outer 
tissues; they depend on first gaining entrance through wounds 
into dead parts of the bark or wood, and, after living there for 
a time as saprophytes, extend into the living elements and cause 
their death. 

Many parasites may be artificially cultivated so as to pass 
some part of their life-history on dead pabulum, and even in 
natural conditions many of them regularly live for a season in 
a saprophytic manner. On this account it appears to me more 
correct, in distinguishing between parasites and saprophytes, to 
lay less weight on the adaptation to nutrition and more on their 
response to the stimuli exerted by living plant-cells. The nature 
of this stimulus which affects parasitic hyphae has not as yet 
been investigated. It appears probable, however, especially from 
the investigations of Pfeffer and Miyoshi,^ that the influence is 
primarily a chemical one, and that the nutritive value of the 
stimulating substance is not a measure of the ensuing effect. 
Busgen states that the formation of adhesive-discs by germinating 
spores is induced by a stimulus due to contact, whereas the 
production and penetration of the first haustorium is independent 
of contact, and is probably due to some chemical stimulus (see 
p. 9). Miyoshi’s investigations have also proved that saprophytic 
fungi are capable of penetrating into living plant-organs, even 

^ Miyoshi. “ Ueber Chemotropismus d. Pilze,” Botun. Zeitung^ 1894 ; »l»o “ Die 
Durchbohnuig von Metnbranen durch Pilzfaden." Prittg»heimn Jahrfmch, 1895 
^^^WeflFcr. "Ueber Ejection orgtiniacher Niihratoffe.” PringnfttinC 9 Jahrbiieh^ 
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of boring through cell-walls, if the part be impregnated with a 
stimulating solution. They behave here completely as parasites. 
For example, hyphae of Penidllmm glaucum penetrate into living 
cells of a leaf injected with a two per cent. , solution of cane 
sugar, while without previous injection of the leaf they have 
never been observed to do so. Penicilliuvi is also known, in 
certain circumstances, to become parasitic. 

Many species of fungi are capable of passing the whole or a 
part of their life as parasites on living plants. Conspicuous in 
this respect are the Uredineae and Ustilagineae, many Ascomy- 
cetes, including all Exoasceae and Erysipheae ; and amongst the 
lower fungi, most of the Chytridiaceae and all the Peronosporeae. 
Nor does this exhaust the list, for amongst the remaining fungi 
we may find isolated families, genera, and even species occurring 
as parasites, while forms closely related to them are saprophytic. 

To classify the parasites, saprophytes, and intermediate forms, 
we shall adopt that arrangement proposed by Van Tieghem and 
De Bary. 

§ 2. CLASSIFICATION OF PARASITES AND SAPROPHYTES. 

1. True saprophytes are such as regularly pass through their 
whole life-history in a saprophytic manner. They may derive 
their nourishment from different kinds of pabulum, or be limited 
to some definite substratum. The true saprophytes do not come 
within the scope of this book.^ 

2. Hemi-saprophytes (the ‘facultative parasites’ of De Bary) 
are wont to pass through their whole development as saprophytes, 
but on occasion are capable of existing wholly or partially as 
parasites. Amongst them are included particularly such species 
as may be designated “occasional parasites,” which commonly 
occur as saprophytes, and only under certain conditions become 
parasitic. 

3. True parasites (the ‘obligate parasites’ of De Bary). These 
undergo no part of their development as saprophytes, but live in 
every stage of existence as parasites. 

4. Hemi-parasites (the ‘facultative saprophytes’ of De Bary) 
are capable, if need be, of becoming saprophytes for a season 

^Johow proposes the term Holo-saprophytes for those' non-chlorophyllous 
Phanerogams which live exclusively saprophytic on organic debris, in contrast 
to those possessing chlorophyll, which ne names Hemi-saprophytes. 
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but as a rule they live throughout their whole development as 
parasites. 

Within each of these four divisions one may introduce a 
number of subdivisions. 


Hemi-s&prophytes. 

The majority of saprophytes are never parasitic, yet there are 
a number which become so occasionally. Thus some species of 
Mv4xyr and Penicillinm can penetrate into thin-skinned fruits, and 
this they do the more easily, the further the fruits are from the 
condition of full vital energy, to use De Bary’s expression.^ 
Related to these are other fungi which, although incapable of 
effecting entrance into plants in active life, may yet do so as 
the plant, though still living, begins to wither. In such cases 
the parasitism is somewhat difficult to prove. In particular, the 
so-called ‘Fungi imperfecti’ contain forms of this kind. 

Amongst the hemi-saprophytes we may include the species 
of Botryti% which are able to penetrate into unfolding parts of 
plants, but not into the older parts. We may specially mention 
Botrytis Dovgldsii as a form more generally known as a sapro- 
phyte, but which becomes parasitic on immature organs, and 
which penetrates young needles of various conifers to kill them, 
whereas it is unable to attack older needles. In this case the 
thickness of the membranes would seem to act as a protection, 
just as the vital energy of the plant does in the preceding cases. 
In Sclcrotinw sclerotio'rum, Scl. ciboi'wvks, and Sc/. FucJreliaim, 
a saprophytic existence must, as in the example just mentioned, 
precede the parasitic condition ; in fact He Bary holds that 
these forms can only become parasites after their mycelium has 
been saprophytically strengthened ; the parasitic condition is not 
necessary to them, for they can go through their whole develop- 
ment on a dead substratum. Pythivm De Baryamim is also to 
be regarded as a hemi-saproj)hyte which attacks and kills 
seedlings of many plants as a parasite, but otherwise vegetates 
on dead plant remains. Chdosporium iierkmm, one of the 
commonest of saprophytes, behaves similarly, but it is of less 
frequent occurrence than Pythium, and in fact its parasitism has 
only been suspected quite recently. 

^ThU has been confirmed by Davaine {Compt. rend. Lxnr., 1866, pp. 277 and 
344) and Brefeld (SUzungnber. d. imturforteh, Fr. tu Berlin^ 1876). 
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As further examples of fungi, capable, as parasites, of killing 
living cells, but which pass through more or less of their life 
as saprophytes, may be taken species whose mycelium inhabits 
the wood of trees and shrubs. Amongst these are numerous 
Polyporeae, which find admission only by wounds in the wood. 
At first these destroy and derive nourishment from the substance 
of dead parts of the wood, but later they begin to attack the 
parenchyma of thfe living wood, and extending outwards kill, 
as they go, cambium, bast, and rind, till they reach the exterior, 
and there develop sporophores. As examples we may take 
those species investigated by II. Hartig of Munich, eg. Poly- 
porvji fomentarius, P. igniarms, P. Hartigii, P. mlphureiis^ 
Stereum hirsutum, Trarnctes pint} 

The heart-wood is a part of the tree generally avoided by 
insects, which would in very short time destroy the sap-wood 
with its rich starch-content, c.g. Annobiae in oak. Again, the 
heart-wood resists the influence of certain saprophytic fungi 
much longer than the sap-wood, hence it is preferred as the 
timber used for railway sleepers. Although in these cases we 
might describe the heart-wood as possessing antiseptic properties, 
yet this would scarcely be accurate, since it is just this very 
heart-wood which is always first attacked by the wound-parasites 
of trees, and gives them a hold on the tree as parasites. See 
also Chap. V. 

Since these dangerous tree-fungi can live wholly as sapro- 
phytes in the heart- wood, and in the sap-wood partly as such, 
partly as parasites, they are also able to vegetate further, and 
to reproduce themselves on felled stems, especially when the 
necessary moisture is provided. Thus, for example, Agaricus 
adiposm, a wound-parasite of the silver fir, produces its yellow 
sporophores on felled stems and split wood during the whole 
summer in moist parts of the forest, while in a cellar or other 
moist chamber the development of sporophores may continue over 
a year. In fact, I have found that a billet of beech-wood, after 
being placed under a glass and allowed to lie completely dry, 
on again being soaked from time to time, continued to produce 
a crop of toadstools annually for five years. 

Some wound-parasites occur occasionally as typical sapro- 
phytes on dead wood. Thus Polyportts anrwms, perhaps better 

^R. Hartig, ZersetzungstrscliHnumitn des Holze»y 1878, and other worka. 
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known as Tmmetes mdiciperda, is an undoubted parasite of 
I^es, spruces, and other trees, yet on timber in mines ^ it 
grows luxtfHantly, and reproduces abundantly from sporophores, 
which, however, differ somewJhat from the typical form. Again, 
the rhizomorph-strands of Agaricus melleus groyr under dead 
bark, in the earth, in mines, and in wooden water-pipes, while 
other forms of its mycelium are completely parasitic; thus 
the apices of the rhizomorphs penetrate the bark of young 
conifers, and, in the form of a mycelium, live parasitic on rind, 
bast, and cambium. 

Pclyporm vaporarim, a true parasite on living Scots pine, 
is also an enemy of timber in newly-built structures, or in 
subterranean spaces and cellars, so long as it can obtain the 
necessary moisture. Polyporua sulphureus produces sporophores 
on the bark of living trees, as well as on the dead stools of 
felled trees. Many other related forms would probably be able 
to live on dead timber if they were not dependent on a certain 
degree of moisture, and could submit to drying-up as easily as, 
for example, Polyporm abietimis, a true saprophyte, and one of 
the most common enemies of old wooden bridges. 

Fungi from other groups are also known to effect an entrance 
into the wood of trees through wounds only, yet when once in, 
they spread rapidly, and at length bring about the death of their 
host The spores of CucurhUarict labvnii were demonstrated 
by me to germinate on the laburnum, on wounds produced 
by hail and otherwise, and to send into the wood so exposed 
a mycelium, which spread through the vessels and into the rind, 
killing all the tissues on its way. Similarly Nectrm cinimbainnn, 
after it has killed its host, lives thereon as a saprophyte, and 
develops patches of conidia and perithecia on tlie dead bark. 
Pcziza Willkommii, although really a strict parasite on the living 
rind, yet continues to grow and to rej>roduce itself on the dead 
brandies. 

Hemi'paruites. 

If the examples already given, i.e, Mucor, PenuUlitm, Botrytu, 
Pythium, are typical of hemi-saprophytes, then there may arise 
a doubt whether the remainder, the wood-destroying Polyporeae, 
Nectria, Cucurhitaria, and Agariais mdlnos, should not be regarded 

>Harz, Botan. CetUralblaU, 1888, Vol. xxxvi.; Magnus, Botan. Verein d. Prov. 
Bratuknbtirtj, 1888. 
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as hemi-parasites. They must, however, be included amongst 
the hemi-saprophytes, because doubtless they are capable of 
going through their whole development as saprophytes. The 
hemi-parasites include, amongst others, the Ustilagineae, all of 
which live for a time as parasites, and cannot, even by artificial 
cultivation, be made to complete their life-history as saprophytes. 
While, however, many of the Ustilagineae are adapted to a com- 
pletely parasitic life, others can, in the form of sprouting conidia, 
live and multiply saprophytically. The conidia of Exdxmdinm 
and Exoascus continue to bud off conidia for a considerable time 
in nutritive solutions, yet in nature, the spores probably produce 
infecting hyphae at once, and the fungus is but little suited to 
sustain a saprophytic mode of life. Fhytophthora infestans is 
more easily reared as a saprophyte, and occurs in nature as such, 
hence it approaches somewhat towards the hemi-saprophytes. 


True Parasites. 

The Uredineae may be taken as the most typical of the true 
parasites; they constantly pass through their whole life-history 
on living plants, and cannot be cultivated on a dead substratum. 
So also the Erysipheae, although frequently their spores only 
reach maturity on a dead substratum, as do also those of 
Rhytisma and Polystigma. Eiyot of grain and the Sclei'otinia 
inhabiting berries, are also truly parasitic, even though their 
apothecia or perithecia are produced from hibernating sclerotia, 
and though their conidia can be saprophytically cultivated on 
dead pabulum. 

The Peronosporeae and Protomyces are also true parasites. 
In many other forms the development of germ-tubes, or the 
sprouting of conidia, may be obtained in artificial nutritive 
solutions by exclusion of rival fungi and bacteria, yet it is 
doubtful whether this takes place in nature. 


3. MODE OF LIFE OF THE PARASITIC FUNGI. 

The parasitic fungi may be divided according to the place of 
their occurrence and their mode of attack on the host, into two 
categories, which may be designated epiphytic and endophytic 
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parasites. ^ The former have their vegetative mycelium spread 
over the eurface of the host-plant, the latter penetrate nito the 
plant and there develop their mycelium. Both receive nourish- 
ment &om the cells of the host-plants, generally by means oft 
special absorptive organs inserted into the cells of the host, the 
so-called haustoria. 

We may distinguish the following groups of parasites accord- 
ing to the degree of their penetration into the organs of the 
host-plant they attack: 

1. Epiphytes: (a) with haustoria which only sink into the 
outer membranes of the host; 

(ft) with haustoria penetrating into the cavity of the host- 
cells. 

2. Endophytes : (a) with a mycelium which grows in the 
walls of the host-cell, and is generally nourished without the aid 
of haustoria ; 

(ft) with a mycelium which grows in the intercellular spaces 
only, and is nourished with or without haustoria ; 

(c) with a mycelium which penetrates into the host-cells and 
becomes an intracellular mycelium ; 

(d) lower fungi which live completely in a host-cell. 

1. Acquisition of nutriment by the epiphytic parasitic 
ftmgi The simplest mode of acquiring nutriment is found in 
yeasts (Saccharomyces apyndatiis, etc.) which frequent the outside 
of living fruits, and live on the drops of sugary solution which 
diflhise therefrom.* 

^ Epiphytic parasites always produce their reproductive organs outside their 
host'plant. in the case of endophytic parasites, the reproductive organs of 
some are produced inside the host-tissue, e.f/. the zygospores and oospores of 
Chjftridiaceae and Permonporeof, the chlainydoemres of the Uatilagineae ; others 
form their sporocarps wholly or partially enibeilded, the spores and coiiidia only 
being discharged externally ; while a large number form sporocatps on the surface 
after the epidermis has li^a tom. Conidia are generally abjointed from the 
free surface of the host-plant. 

The terms epiphytic aim endophytic parasites have been chosen with regard to 
the development of the parasitic food-absorbing mycelium. Home authors regard 
epiphytism somewhat differently, and include amongst endophytes those forms 
which live on the surface of the host and penetrate only by haustoria. If this be 
accepted, epiphytism is very exceptional amongst parasites of the higher plants. 
Zopf (** Die Filze”) mves as examples of this condition only the following : the 
Labovlbeniaceae inhabiting the chitinous skeleton of certain insects, and Aldatio- 
apora parantica on filaments of species of Imria ; these have no oommnuication 
between the mycelium and their host. Species of Chaeioefadium parasitic on fungi 
and absorbing the cell-wall of the host at the point of contact, could, stnctfy 
speaking, no longer be classed as epiphytes. 

^Btisgen. *‘Ueber einige Eigenschaften d. Keimlinge parasitischer Pike.” 
Botan, Zeitung, 1893. 
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I can however hardly regard as parasites, fungi like these 
which live on an accidental outflow from plants or plant-cells, 
even though they regularly frequent places where an outflow is 
to be expected. They exert no influence on the host-plant, 
and they are nourished by substances which can no longer be 
regarded as belonging to the host. I would rather include 
them amongst non-parasitic epiphytes which, without specially 
adapting themselves, settle on any part of a living plant where 
sugary solutions suitable for their nutriment may occur. One 
might imagine however such epiphytes inducing a diftusion of 
nutritive substance from the cells of the host-epidermis to the 
closely adherent fungal hyphae ; then we should have the 
simplest mode of parasitic acquisition of nutriment on the part 
of epiphytes. They would take up food-material from the epi- 
dermal cells in much the same manner as many intercellular 
hyphae do from the adjoining walls of the host-cell.^ 

Epiphytic parasites frequenting the surface of plant-organs 
generally endeavour to increase their supply of nutriment from 
the host-cells by formation of haustoria, which pierce the cuticle 
or the whole cell-wall. Busgen has shown experimentally 
that the adhesive discs, often formed on the germination of a 
spore, owe their origin to a contact-stimulus; the formation and 
direction of the infecting hyphae, on the other hand, though 
depending on this, are much more determined by a stimulus 
originating from the host-cell itself. In this we have a confirma- 


tion of the accuracy of our definition of 
parasite and saprophyte. 

The appressoria, adhesion-organs or 
adhesive discs just mentioned, are char- 
acteristic of many parasites. They are 
formed chiefly on epiphytic mycelia, 
but also accompany the earlier life of 
other fungi. In the case of epiphytes, 
pores are formed on definite places of 
such an adhesive-disc, and from these 
haustoria are developed, or a hypha is 
given off and enters the host-plant to 



Fiq. 1 — «p, Spore of Brynpkmt 
vmbell^ferarum germinatiiig on the 
epidermis of a boet-plaHt; an ad- 
hesion-disc and hauatonum have been 
formed. (After Ue Bary.) 


form a mycelium. The appressoria of the Erysipheae are very 


characteristic ; in many they are broad lobed discs (Fig. 1) ; in 


* Compare those cases of parasites on insects and fungi already given, p. 8 (note). 
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Others, like Podospha&ra castagnd, they take the form of broadened 
closely-clinging hyphae with haustoria. Frank describes a swell- 
ing of ;the germ-tube of FuMadium tremulae just before the 
infecting hypha pierces the cell* walls of its host. A similar 
phenomenon can be observed in Polysti^Tna rubrum, in Gnomonia 
erythrostoma, and in the germinating aecidiospores of Melampsora 
Goeppertiana, Some other examples will be mentioned in our 
next section. 

Haustoria of the epiphytic Parasites. 

The most inconspicuous haustoria are those of Herpotrithia 
niyra and Trichosphaeria parasitica, described by R Hartig.^ 



They are tiny hyphal processes resting on the host-epidenuis, 
and sunk into the outer walls of the epidermal cells, so as to 
pierce the cuticle but not the whole wall (Fig. 2, d, e; also 
Fig. 90). The Erysipheae are typical epiphytes, which weave 
a mycelium over the surface of plants they attack ; the 
mycelium retains its hold by adhesion-discs or appressoria, and 
from certain parts of these a fine thread-like process is given 
off, which, after piercing the epidermal wall of the host, swells 
inside to a simple or branched sac, the haustorium. The 

^Lehrbueh d. Baumkrankh$iten, II. Aufl. English translAtioD by Prolsisor 
BomervUls. MsfimiUaii A Co., ISPi. 
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haustoiia of Podosphaera castagnei (Fig. 71) are bladder-like, 
those of Oidium Tuckeri are lobed. 

The simplest formation of haustoria consists in an outgrowth 
of the mycelium which depresses the cell-wall of the host 
without piercing it (e.g. Peromspora dema). In other cases the 
cell-wall, at first only depressed, becomes ultimately broken 
through. 

Certain lower fungi live parasitic on other fungi and adhere 
to their hyphae by means of well-developed adhesion-discs from 
which haustorial structures are formed inside the hyphae of the 
host. Thus Piptocephalis fresenia is parasitic on hyphae of some 
species of Mitcor, and produces from a swollen bulb-like appres- 
sorium a tuft of very fine haustoria inside the Mtu:or~hypb&. 
Syncephalis proceeds even further, for the haustorial process grows 
and branches inside the host, becoming, in fact, an endophytic 
mycelium. A further advance towards endophytic parasitism 
is presented by the Chytridiaceae, low forms of fungi living 
on algae or fungi ; some send haustorial structures into their 
host, others develop a mycelium whose attack however is 
directed against only one host-cell. Fischer, in his “Phycomy- 
cetes,” thus describes the latter forms; “The vegetative body, 
a resting swarmspore, consists of a spherical or ellipsoidal part 
which becomes a sporangium, and of a filamentous vegetative 
portion which spreads through the host-cell as a haustorium or 
mycelium and dies away after the formation of the sporangium. 
This primitive mycelium is unicellular, and may be unbranched 
or very finely branched.” 

2. Acquisition of nutriment by the endophytic parasitic 
ftingi. The simplest case of the endophytic mode of life is 
presented by those fungi which vegetate in the epidermal 
membranes of their hosts, and derive their nutriment osmotically 
through the inner cell-walls. They live covered by the cuticle, 
which must have been penetrated by an infecting hypha at the 
time of first attack. This mode of life is exhibited by many 
fungi, particularly by the Exoasceae ; the mycelium of these 
vegetates under the cuticle of the host plant, and ruptures it at 
the time of ascus-formation. In spite of their limited distri- 
bution the species of this group so influence the development 
of their hosts as to induce pustule-like outgrowths, crumpling 
and distortion of leaves, and even “witches’ brooms.” In some 
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of the Mxoasceae the bases of the asci penetrate deeply between 
the walls of the epidermal cells, so forming an intermediate 
stage leading to other Exoasoeac and endophytic fungi, with a 
mycelium growing between, or in the cells of tissues which lie 
deeper than the epidermis. 

The mycelium of Cycloconium oleagimim grows in tlie epi- 
dermal cell-membranes, branching dichotemously under the 
cuticle and sending through it erect hyphal branches for pro- 
duction of conidia.^ The germinating conidia of Sphaceloma 
ampelinum are said by De Bury to penetrate the cuticle, and 
to produce a mycelium which spreads thereunder and breaks 
out just before formation of conidia. Mycoidea parasitica, an 
alga, lives under the cuticle of leaves of Then and Camellia. 

We have next to consider fungi with a mycelium which 
lives and multiplies in the intercellular spaces of living plants. 
Like the Exoasceae just mentioned, they push their way between 
neighbouring cells and spread through the already existing 
intercellular spaces. Numerous Uredineae behave in this way, 
and towards the period of reproduction tlie mycelium is capable 
of increasing so much that the cells of the host-tissues become 
isolated and even displaced. The various species of Hysteriiim 
have an intercellular mycelium, which kills those cells with 
which it comes in contact. Certain forms, e.g. Cacoma pinitor- 
qmm and Peridermium pint (Fig. 247) possess a mycelium 
which, while still intercellular, sends off here and there little 
lateral branches into the host-cells. It is an easy step from 
forms like these to forms whose mycelium is no longer strictly 
intercellidar, but derives nutriment by means of specialised 
haustoria. 

Hauftoria of Uie endophytic Parasites. 

A large number of endophytic parasites frequenting hosts which 
do not immediately succumb to their attack, possess “haustoria” 
or special organs for the acquisition of nutriment from the 
cells of the host. The haustoria are lateral outgrowths of the 
mycelium with a limited period of growth and a more or less 
constant form. They are more varied in form, but otherwise 
quite comparable with haustoria of the epiphytes, especially 
with those of the Erysipheae. One of the simplest forms of 

' Figure* is Funghi Pareuitti, Cavara and %rio*L 
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haustorium on an endophytic mycelium is that exhibited by 
the parasite Cystopiis; the hyphae send off very fine filaments 
which penetrate the walls of a host-cell and swell up to little 
button-like sacs. Many Peronosporeae (P. pygmaea, P. nivm, 
P. viticola and Phytophthora omnivora) have haustoria of the 
form described, whereas others have them thread-like and 
branched (P. calotheca of the woodruff), or crenately lobed {P. 
parasitica). 

Amongst the species of Uredineae and Ustilagineae, haustoria 
are not uncommon and present many varied forms. They are, 
however, few in number, or confined to certain parts of the 
mycelium, so that they may be easily overlooked. 

Haustoria in the form of long sacs of various lengths are 
produced by Melampsora Goeppertinria in the tissues of both 
cowberry and fir-needle. Gymnoqjorangiim in juniper has 
occasionally very delicate button-like haustoria. Endophyllum 
sempervivi in the house-leek has haustorial branches which, 
according to Zopf, are coiled together and anastomose frequently 
with each other. Tuhurcinia amongst the Ustilagineae possesses 
short branched haustoria resembling one-sided clusters, and 
Melanotaenium endogemm has similar haustorial-tufts even more 
branched.' Uroeystis pompholygodcs in Hepatica triloba has spirally 
coiled haustorial hyphae, while Tilletia endophylla, Sorosporium 
saponariae,^ and many species of Ustilago, have haustoria with 
the form of knotted hyphae. 

Amongst the Hymenomycetes, ErxibasMium vaccinii forms 
a mycelium which permeates the host-tissues with numerous 
hyphae, but the only haustoria are hyphae which here and 
there penetrate into a cell. No haustoria have as yet 
been found amongst the Basidiomycetes,® Pyrenomycetes, or 
Discomycetes. The two groups last-mentioned have an inter- 
cellular or intracellular mycelium, which as a rule quickly 
kills all cells with which it comes in contact. 

^ Senckenhergiache natnrforach. Qta. Ahhandl. 1880. Plates I. and IV. 

^ Pringaheim'a Jahrbuch, 1869. Plates VII., VIII. 

®Sarauw has figured haustoria in mycorhiza of beech, without however 
determining exactly whether they belonpd to a Hymenomycete. Reess also 
figures similar organs on mycorhiza produced by one of the Tuberaceae. 



CHAPTER 11. 

REACTION OF HOST TO PARASITIC ATTACK. 

The reaction of the host to the attacks of parasitic fungi is 
fairly constant for the same host and fungus. The various 
fungi, however, exert on the same host-plant each an influence 
of its own, while different host-plants behave very differently 
under attacks of the same fungus. 


§ 4. EFFECT OF PARASITIC FUNCil ON THEIR HOST.’ 

A. Killing of Host-Cblls.* 

1. Absorption of living cell-content by parasitic ftingi 

The lower fungi give us examples of the simplest mode in 
which fungus-parasites draw nutriment from their host-cells ; 
jiarticularly those forms parasitic on algae or other fungi. 
The most primitive of all are numerous species which, applying 
themselves to a host-cell, bore through its walls and enter 
the cavity. There they derive nutriment at the cost of the 
living cell-content, — the plasma, cell-sap, chloroplasts, starch 
grains, etc., — and finally kill the cell. The host-cell does 
not survive the later development and reproduction of the 
parasite. The effect of the fungus is however limited to the 

' Billroth (‘*Uber die Einwirkongen Ubender Pflanzeu und Thierzelleii aufeiuan- 
der,” Samtnlunff Medic. Schr^fUn. Wiener klin. WoehenblaU, 1S90), cotnparet in a 
masterly way the effects of micro-organisins and of injuries on animal Mid vege- 
table tissues. He employs Virchow’s terms formative stimulus ” aad *' formative 
irritability ” ; the former to denote the capacity of micro-organisnu in producing 
outgrowths of definite form or the formation of new tissues ; the latter, the 
capacity of the tissues to react to such stimuli, and to produce outgrowtlis, 
etc. A comparison of the external phenomena of fimgoid diseases in the case 
of aniroab and plants recently formed the subject of a short paper by Lewin. 

^Pemldasmus. 
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cell attacked which is at once killed before it can enlarge or 
otherwise react to the influence of the intruder. Gk>od examples 
of such parasites are presented by some of the Chytridiaceae 
— the Archimycetes of Fischer — which, as a rule, inhabit only 
isolated cells of their respective host-plants. This mode of 
nutrition is equivalent to that of the Myxomycetes and Mycetozoa, 
which absorb the cell -contents after completely enveloping the 
living cell, or after slipping inside or sending a haustorial process 
into it. 

A second series of parasites consists of those which live 
on the contents of the host-cell, and give it time to react to 
the stimulus exerted by the intruder. The reaction generally 
results in a cell-enlargement or fungus-gall, which in the simpler 
cases includes one cell only. The gall harbours one or more 
parasites, which gradually use up the cell-contents. As examples 
we have Olpidium tumaefacuns and 0. uredinis^ Psevdolpidiunn 
saprolegniae, Olpidiopsis saprolegniae, Rhizomyxa hypogaea^ etc. 
A specially striking case is that of Pleotrachelus fulgem, which 
causes the rudiment of the sporangiophore of Pilohdus Kleinii 
to become hypertrophied and gall-like.^ 

We have as a third series those parasites which penetrate 
into living cells and absorb their contents, at the same time 
stimulating the host-cell to abnormal and increased growth, as 
well as some surrounding cells not directly in contact with the 
fungus. In this case the parasite exerts a far-reaching effect, 
and produces a gall composed of more than one cell. Species of 
Syiichytrium are examples. The fungus itself penetrates into one 
cell only, which enlarges ; but simultaneously the surrounding 
cells grow and multiply to form a wall or rampart enclosing the 
cell originally attacked. Other parasites do not absorb the 
host-contents as a whole, but only withdraw osmotic substances 
by means df delicate processes of the fungus-hyphae. These 
haustoria penetrate the wall of the host-cell, but the fungal 
protoplasm inside them remains separated from the host-proto- 
plasm by a delicate membrane. In the case of the vine-mildew 
and some other Erysipheae, the cells thus preyed on turn brown 
and die. With other related forms {e.g. Sphaerotheca castagmi), 

^See Fischer’s Phycomf/cetes. 

^ This causes a slight swelling of the root-hairs of various plants and absorbs 
their content. 

*Zopf, Beitrdge zur Physiol, u. Morphol. nied. OrgcmismtTi^ II. 1892. 
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absorption by haustoria results in a deformation and distortion 
of atta^sked oi-gans, which embraces even cells far distant v from 
the point of attack, yet without death following directly to 
any cell.^ 

2. Absorption of cells or tissues by parasitic fbngi The 

total absorption of cells or tissues by parasitic fungi constitutes 
a special form of cell-destruction. Cases of this kind occur 
particularly amongst the Ustilagineae. Thus Urocystis violae so 
stimulates the cells of Viola that they divide and produce a 
delicate tissue, rich in protoplasm; this nutritive tissue is used 
up when spores are formed, but without any great detriment to 
the host-plant. At the time of spore-formation of other Ustila- 
gineae a great destruction of the host-tissues may, however, 
take place; this is especially marked in attacks of Ushlago 
maydis, U. avenae, Tilletia tritici, on the ovaries of their 
respective hosts, as well as in other cases to be considered 
later. 

3. Killing of host>cellfl and tisanes by fnngi which excrete 
ferments. The simplest case under this heading is presented 
by species of Sclerotinia studied by I)e Bary, c.g. ScL scleroUomm. 
The mycelium of these, while still lying on the outer surface of 
the host-plant, excretes a ferment which sinks through the mem- 
branes into the cell-cavities, causing death to the protoplasm and 
even destruction of whole tissues. 

A similar process may be assumed in the case of numerous 
fungi with a mycelium which grows only in the intercellular 
spaces, yet causes immediate death to any cell it may touch. 
This is the case with many leaf-spot diseases, like those due to 
Cercospora, Hysterium, etc. So also do the apices of rhizomorph- 
strands kill portions of the bast of living Conifers with which 
they may come in contact. The rapid death of tissue following 
the attack of such deadly fungi as Phytophthora is probably 
due not altogether to the deprivation of nutriment, but also to 
the effects of a poisonous excretion. This, however, has not as 
yet been satisfactorily ascertained. 

B. Killing of Obgaks or Whole Plants. 

A large number of fungi have a mycelium which never ex- 
tends beyond a very short distance roiftid the point of first 
infection, and causes only lo^al disease, frequently with no 
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perceptible disturbing effect on the host. Such is the case 
particularly with leaf-spot diseases ; the tissues of isolated spots 
are killed and fell out, the leaf appearing as if perforated by 
shot, but otherwise exhibiting no discoloration or other symptom 
of disease. In contrast to these there are fungi which, directly 
or indirectly, bring about death of their host or some part of it. 

The simplest example of parasitic fungi killing their host 
directly is presented by one-celled or few-celled plants, which 
soon succumb to attack even on a single cell. Where, however, 
the host is a highly organized plant, its organs will resist the 
attack of the parasite for some time. Thus with Phytophthora 
'fagi. the mycelium spreads rapidly through the tissues of a 
seedling, so that death ensues in a few days. Similarly species 
of Peronospora rapidly kill leaves, branches, and fruits ; likewise 
Gladosporium, Septoria parasitica, and others. 

Somewhat different in their action are those fungi which 
kill some tender part of a plant directly, and thereby in- 
directly further the death of other parts dependent thereon. 
As examples, take Pestalozzia Hartigii (Fig. 301) and Phoma 
abietina (Fig. 293), which kill only some small portion of a 
young plant or branch, but thereby cause drying-up of higher 
or distal parts. Gibhera vaccinii on stems of cowberry (Fig. 95) 
is another example. Similarly cankers arising from Nectria 
ditissima (Fig. 80), or Peziza Willkommii. Again, Agaricm 
melleus and Trametes radiciperda kill roots or lower portions of 
the stem, and bring about the death of trees of all ages. 

The case varies somewhat with certain wound-parasites like 
Nectria cinnaharina and CuciirUtaria Inhurni. There the my- 
celium extends so vigorously in the water-conducting organs, 
as to kill them and ‘ fill up the vessels, causing thereby so 
serious a disturbance in conduction, that branches or whole 
plants wither away in summer. The wood-destroying Polyporeae 
and Agaricini act similarly, although more slowly; they attack 
large branches and stems, destroying all parts of the wood, 
duramen as well as sap-wood, and finally the bark. 

There are also cases where organs of the attacked host 
remain alive, but suffer on account of the hypertrophy of other 
parts. In this way portions of a plant may be killed although 
not directly the seat of the parasite. This is particularly the 
case where hypertrophied organs undergo increased growth and 
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utilize the water which would otherwise have ascended to 
higher .parts of the branch-system (Fig. 3). It must indeed 
be assumed that the latter are preyed on by the hypertrophied 
parts and give up plastic material, which they would otherwise 
have utilized themselves or stored up as reserve material. 
On branches Attacked by mistletoe and other phanerogamous 
parasities, it' can easily be observed, particularly on broad- 
leaved trees, that a supporting branch grows vigorously in the 
parts under the influence of the root-system of the parasite, 
whereas the distal parts of the same branch-system remain 
stunted and finally die. The mistletoe-bush thus comes to form 
the tenpinatiott of the supporting branch. If, in consequence 
of this, the branch ceases to produce the leaves necessary in 
preparing food for it, then like every other leafless branch it 
dies. Such branches carrying leaves of the mistletoe alone may 
frequently be found on firs, pines, and broad -leaved trees ; 
even whole tree-summits have been seen on the silver fir with 
every branch terminated by a mistletoe-tuft, not unlike some 
huge candelabrum. 

In a similar manner a witches’ broom, develojxjd from a 
lateral bud, e.\hibits throughout an increased growth, while the 
branch supporting it remains thin and <iies from the insertion 
of the broom outwards. So also in attacks of (iiftmutsporangiKm 
on juniper it may be observed that the parts attacked havi* 
their growth much accelerated and many of their dormant buds 
developed, while the distal parts of the wime branch die ofl. 
In all such ca.seR it is quite probable that, as the distal parts 
die back, any food material which they may contain finds its 
way into the hypertrophied region. 

C. Hiiorteviso of Life. 

Many fungi inhabit a jdant without disturbing the develop- 
ment of any part or causing immediate death, yet with such 
effect that the vegetative period of the organ in question 
terminates earlier than normally. 

A very striking example of this is presented by the needles 
of silver fir on the witches’ brooms caused by AecuHinn 
elaiinum. The needles normally vegetate for seveml years, 
but when influenced by this parasite they live only a single 
season. So also needles of spruce attacked by A radium cor- 



EFFECT OF PARASITIC FUNGI ON THEIR HOST. 


19 



Fio. &.—EMaieus cerati. Witches’ bcoom of cherry. The sup^rtlng branch is 
dead from its apex backwards to the seat of an Infected lateral bud, which has 
developed into a witches' broom. On the tree the supporting branch pointed 
slil^tly more downwards than is shewn. J natural size. (v. Tubeuf phot.) 
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uscans, which may, in addition, bring about death of the whole 
shooto Needles of spruce besret by aecidia of Chrysomyxa 
rhododendri are cast after reproduction of the fungus in August 
or September, while with Chrysomyxa abutis the needles of 
Conifers fall in May. The latter examples differ somewhat 
from the former in that the mycelium lives in the witches’ 
broom for years, and continues to send out new shoots with 
deformed needles, whereas in the Ch'ysomyxa attack the my- 
celium is confined to the needles and falls with them. 

Examples from other groups of fungi are the witches’ brooms 
of Alnus incana caused by Exoasmis e^iphylhts. The leaves of 
these are fully developed though somewhat modified in form; 
their life-period is, however, shorter than that of normal leaves, 
and they fall earlier. It may be observed here that this 
phenomenon of premature defoliation is one recorded as a 
consequent of many parasites. The witches’ broom twigs of 
the alder grow and produce buds almost normally, yet the 
whole broom-system dies in a few years, and long before the 
normal life-period of the tree. 

The war of extermination by mycelium against host-plant 
may frequently last for a very long time. Hartig gives an 
example of a larch which had carried on the combat with thf* 
larch-canker (Peziza Willkommii) for over eight}’ yeare, because 
during active vegetation of the host the parasite was unable to 
make headway. 

D. Premature Development of Bods. 

The unfolding of buds in spring in advance of those of 
normal plants is also a feature of many diseased plants. This 
is manifest in the earlier unfolding of buds on witches’ brooms 
of the silver fir and cherry. The alder wdtehes’ broom, already 
referred to, is however exceptional, in that its buds open after 
those of normal twigs.* 

A premature flowering may also result, so that flower-buds 
formed in summer unfold the same autumn instead of during tlie 
following spring. Thus in a recent autumn a violet opened 
in a plot in the garden of Professor Hartig in Munich. The 
flower was found to be somewhat stunted, and its stalk beset 

^ Smith, ** UtiteniuchuDffen d. Anat. u. Morph, der durclt KxoaAoeen vent* 
saebten deformationen.” Inaug. Dias. Munich, 1894, p. 16. 
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by pustules of Urocystis violae, the mycelium of which had 
perennated in the stem. Keraer in his “ Pflanzen-leben ” ' 
mentions a similar case where flowers of Primvla cUmana and 
P. minima attacked by Uromyces primulae iniegi'ifoliae unfolded 
prematurely in autumn. 

E. Preservation op the Host-Plant and op Host-Tissues. 

(Conservation.) 

In contrast to those parasites which attack a plant, or parts of 
it, and immediately kill it or otherwise exert a direct destructive 
influence, we have these which live for a longer or shorter period 
with their host without producing such an effect. Cohabitation 
of this kind may last only for a short time and terminate with 
the first reproductive period of the fungus, or it may last for 
years as a perennating symbiosis, or as a perpetual one like that 
ef lichens. 

This phenomenon is particularly conspicuous amongst the 
ITredineae. These throughout their whole development adapt 
themselves to an existence with living host-cells, ao that the 
latter die only after the reproduction of the fungus. Frequently 
the mycelium lives in perennial organs for a length of time, 
even for many years. The attacked parts are of course injured 
to a certain extent, and hypertrophy of the most varied kind, 
accompanied by characteristic phenomena, may take place, yet 
this only towards the termination of the period of development. 

The Ustilagineae are in a similar manner adapted to an exis- 
tence in living organs, and there produce their spores. At the 
time of spore-formation and liberation -they are deadly enemies of 
their host-tissues, yet previous to this they vegetate in the 
living tissues with little or no apparent injurious effect. Some 
like Ustilago percnna7is, even pass the winter in thfe living host^ 
tissue without killing it. 

The individual species of the Hysteriaceae, Discomycetes, 
Pyrenomycetes, Hyirienomycetes, and lower fungi differ very 
much in their action ; many of them inhabit living tissues for a 
length of time without injurious effect, while not a few, like the 
Exoasceae, even perennate from year to year. The galls pro- 
duced as a result of Exdbasidium do not die till the fungus has 
reproduced itself. It is unnecessary at this place to give details 

* English Edition, Natuml History of Plants (Ohver), li., p. 525. 
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o| o^liier examines, si^ce many of these will be referred to again 
In other chapte!^, particularly when hypertrophy is under consi- 
deration. 

§ 6, EFFECT OF PARASITIC FUNGI ON THE FORM OF 
THE HOST-PLANT 

1. Arrest of growth, and Atrophy. While a large numbei 
of fungi produce more or less extensive enlargement of parts 
of their host, others cause ariest of organs, crippling, impo\eri8hed 

nutrition, and e\en atrophy of 
an extreme kind Incompletely 
de\ eloped organs of this kind 
may onginate even where the 
fungus in posseshion produces 
only local lupeitroph\ In- 
teresting examples are presentetl 
h} many species of Sifmhffnvvi 
^ S taifnncvm and S ant- 
moms) The hirmei is endo- 
phytic 111 TdKt XK inn, and cveits 
a stiinuluH lesiilting in increastd 
growth, not limited t(> tin* 
single cell attacked hut ex- 
tending to neighhounng celN, 
wliuh, in conseqiK’iue, miiltiplx 
and foim a ring-like swelling 
round It The leaxes as a 
whole, howexer, are pooil} dexelojied, so that the lamina in 
\eiy extreme cases may he rejiresented only hy the iiiidnh and 
narrow margin (Fig 4). while (»n leaxes attacked on one side, 
that side alone is stunted, the other is normal Taraxiinm 
leaves badly attacked hx Piunina arc not at all defoimed 
whereas those of Ammone show hti iking arrest of giowih (Fig 
190). Leaves of Cirmim attacked hy Puenma siuniolim exhihil 
an arrest of the same kind, remaining less divided and of 
softer texture (Fig 186) 

Flowers affected by parasitic fungi present many striking 
malformations. Magnus ^ describes sucli a case in Anmmm 

’’ Mamus, ** Eiuflttu v Paruiten auf d Aunbildung d Wfalleneu PildnseD 
theilen^’ KcUuneus. Huiid«rhau, 1891, No 2fi 



Fig 4 —Synchvu Kwlaiaxaci I‘artUlatropli\ 
of laminae of Jarajveutu ojKctnaU About I 
natural size (\ Tubeuf phot) 
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ranuuGuloides under the influence Arndmni jpunctatum^ ^ In 
the simpler cases the floral leaves 'Were narrow, elongated, and 
greenish, stamens were formed but not carpels, in more pro- 
nounced cases, the petals were only represented as small, simple. 



Fia 5 —Cherry tree la blossoiu, with three “ witchee brooms in foliage 
(v Tubeuf phot) 


stalked, green leaves, the stamens were reduced in number and 
there were no carpels One case exhibited, m place of a flower, 
only two leaflets terminating the flower- peduncle, one of them 
palmately divided 
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True atrophy is best seen in those cases where flower-forma- 
tion is suppressed. This effect of parasitie fungi on their host is 
by no means uncommon, the fungus alone reproducing itself, 
while the assimilating host-plant remains sterile. This atrophy 
is found not only in annual plants, but also in those where the 
symbiosis might be designated as perennial The last-mentioned 
case is exemplified in Aeddmm datinum, the witches’ broom of 
which never bears flowers ; again, by witches’ brooms of Exoascm 



Fiu 6.—SuphorlHa CfparMias A boftlthy flowoiing DontMl phukt oomimrad 
with the AtteDuat 0 d non flowering fwm iohAbitod by AteitUum mpAoHooc 
Tubeuf pbot) 


eeroBi (Fig. 5), which bears only leaves when the rest of the 
tree is in blossom. Another perennial symbiosis behaving thus 
18 shown in Euphorhm Cyparmim attacked by Aecidmm 
mphorbiae\ year after year the diseased shoots produce only 
leaves, which assist in the reproduction of the fungus (Fig. 6). 
Similarly with many other Uredineae. 

Arrest of the seed occurs m ovaries of species of Pranm under 
the influence of Exoasci (Fig. 7). In flowers attacked by Cystopm 
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the ovules become atrophied, whereas the rest of the flower 
is hyperttophied. Similarly with 
flowers of cowbeTry deformed by 
Exohasidium. 

2. Hypertrophy. — Many para- 
sitic fungi cause abnormal enlarge- 
ment or other malformation of 
plants which they attack. The 
simplest case of hypertrophy is 
seen in the enlargement of a uni- 
cellular plant as a result of an 
endophytic parasite, i\g. FUobolus 
Klnthii with Pleotrachelus. 

The same example is also the 
simplest possible case of a gall 
caused by a plant, and distin- 
guished by the name of “fungus- 
galls ” or Mycocecidia, from Zooce- 
cidia, the galls caused by animals. 

Larger galls occur on leaves 
attacked by Synchytrium, where 
not only the single cell attacked 
becomes enlarged, but also the surrounding cells ; these galls, 
however, form but tiny points on diseased leaves. Similar 
small and local enlargements of the leaf-cells, accompanied 
frequently by cell multiplication, are caused by many other 
fungi, e.g. species of Exoascus. More extensive malformation may 
embrace some part or even the whole leaf, so that it is more 
or less enlarged and beset with blister-like outgrowths, as with 
other Exoasceae (see Figs. 62 and 64). Other gall-forms are 
presented by Exohasidium on the alpine-rose (Fig. 259), where 
the gall is always localized to a small area of the leaf, and 
on the cowberry, where the gall may extend over whole leaves, 
and even include the shoot (Fig. 256). 

Hypertrophy of the whole shoot, resulting in elongation and 
thickening of the twigs, is a phenomenon frequently met with 
in the “ witches’ brooms,” to be referred to later. And just 
as entire branch-systems may become hypertrophied and elon- 
gated, so may whole plants, if the mycelium, instead of remaining 
localized, spreads throughout the plant. Examples of this will 



Fig 7— Fruit of plum deformed by 
Exoascus p)um\ the stone is shn veiled 
and abortive. ^ natural size (v. Tubeuf 
phot.) 
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be described wjien we consider Euphorbia with Aeddium 
mphorhiae 6), house-leek with Endophyllum, anemone with 
Aecidmm (Fig. 190), and cowberry With Calyptofvpora (Fig. 202). 
Where plants, like the cowberry and anemone, live in com- 
munities, then these elongated individuals rise above their 
healthy neighbours, and the fructifying fungus has a l^etter 
chance of having its spCres distributed by wind. It must, 
however, be observed that when hypertrophy of a whole shoot 
or plant occurs, every part need not l)e enlarged to a propor- 
tionate extent; in fact some parts generally remain abnormally 
small, (.g. leaves in cases of rusts upon cowl)erry, fir, anemone, 
and others. On the other hand, both shoots and leaves may 
be abnormally enlarged, as in cases of alder with Exoanevs 
Tosquimtii or Ex. cpiphyllm} 

Hypertrophy of the roots occurs on alder, where huge tubers 
are produced by Frankia (Fig. 21). On Leguniinosae, tubercles 
of various sizes are caused by Rhizolnim (Fig. 22). Itoots 
of Jitncv^ develop thick-loljed outgrowths as a result of Sehinzw 
(Fig. 179). Foots of turnip infested by Plamnodiophora have 
irregular swellings of all sizes (Fig. 315). Mycorhiza frequently 
exhibit tubercles or balls formed by the massing together of 
very short dichotomoiisly branched rootlets into cltiiups (Fig. 18). 
Cycad-roots, under tlic influence of Rhizohium and Nostoc, 
exhibit hypertrophy.^ 

We shall now proceed to consider hypertnophy of the repr(»- 
ductive organs, and at the same time to^ notice some other 
changes induced in the flower by imrasitic fungi. 

Influence of parasitic fungi on the development of reproductive organs 
of host-plant 

Disease of the flower and fruit, when not caused by fungi 
which kill the coll, generally causes striking floral malformation. 
These we niay group as follows: 

1. Atrophy or total suppression of flowers. 

2. Arrested development of flowers. 

3. Development of rudimentary organs. 

4. Abnormal formation of flowers. 

5. Hypertrophy of paits. 

6. Transfonnation into sclerotia. 

'See also | 7. '^Schneider, BotanmU GaxUtr, 1S94, p. 2A. 
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The two first cases have already been considered. The arrest 
of the flowers of anemone, as a result of Aecidium punctatum, 
is a further example of Case 2, and at the same tae exemplifies 
Case 4, in that the floral leaves become green foliage leaves, 
though of a very stunted kind. The petals of Cruciferae hyper- 
trophied under the influence of Cystopus caiididm often become 
green, and at the same time much altered in shape. 

A particularly interesting case is presented by the develop- 
ment of the stamens of the pistillate flowers of Lyehnis dioica 
infested by the mycelium of Vstilago violacea. These stamens 
normally remain rudimentary, but in the diseased abnormal 
flowers become fully developed like those of the staminate 
flowers, except that the spores of the parasite replace the 
pollen in the anthers. Giard^ has designated this phenomenon 
as ‘‘castration parasitaire,” and he distinguishes three modifica- 
tions amongst unisexual flowers. 

(<?) Stamens appear in pistillate flowers (“androgene castration 
parasitaire ”). This occurs, as already mentioned, in pistillate 
flowers of lychnis dioica frequented by Ustilago. 

(h) Ovaries are developed in staminate flowers (“ castration 
thelygen”). Examples: Carex praccox with Ustilago caricis, 
Biichloe dactyloides with Tilletia hnchloeana, and Andropogon 
provincialis with Ustilago andropogonis. 

(c) In flowers of either sex the sexual organs of the other 
appear in consequence of the influence of the parasite (“amphigene 
castration parasitaire ”). Giard compares these cases with that 
of the development of the organs of the latent sex in animals, 
e.g. of cock’s feathers on an old hen, or growth of horns on 
castrated or “ gimmer ” animals. In both cases the phenomenon 
is due to the same cause; in the animals the organs of the 
latent sex appear as the result of the normal organs becoming 
functionless or being destroyed by castration; in the plants 
through stimulation of the latent rudiments by the fungus, 
which does not, however, cause suppression of the organs 
already present. In some respects the phenomenon is comparable 
with what happens when the terminal shoot of a tree is lost 
and some neighbouring lateral shoot turns vertically upward 
to replace it. 

The effect of fungi on the reproductive organs of plants 
^Mangin and (riard, Bulletin ecient. de la France et de la Belgique, 1884. 
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may also be seen amongst lower cryptogamic plabts, two cases 
of which may he mentioned here.^ PleotrcLchdus fidgens, 
inhabiting the mycelium of Pilobolus Kleinii, causes the 
formation of galls and the suppression of sporangia, while at 
the same time zygospores, normally rare, occur in large 
numbers. Likewise a species of Sgncephalis parasitic in PUobolus 
erystallinvs causes suppression of sporangia and stimulates 
formation of zygospores. 

The transformation of floral organs may resemble that observed 
by De Bary, in which, as a result of attack of Peronospora 
violacea. on Knawtia arvcrms, the stamens appeared in the form 
of violet petals. Doubling of flow^ers is also caused, as in 
Saponaria oficinalis, under the influence of Usitilago saponariae, 
and Compositae with Peronospora radii. 

The Ustilagineae, perhaps, cause the greatest amount of varia- 
tion on the flower, because many of them produce their spores 
in the floral organs of their host. Thus, in the anthers live 
Ustilago violacea, holostei, scabkmr, intermedia, suecisae, betimicae, 
major, scorzonei'ae, capensis, pingnicolae, Vaiflautii, and Tuhireinia 
primnlicola ; the last named also occurs in ovaries and stigma. 
So also do many others inhabit the ovary or some other part. 
Many, like UsiUago irngdis, form spores throughout the plant 
as well as in the flower, and bring about hyi)ertrophy and 
destruction of parts. Amongst these are UsfiJago arrnae, 
perennam, hordei, nnda, tritiri, panici miliaeei, reiliana, cmaUa, 
sorghi, Crameri, caricis, tragopogonis, Tilletia larris, etc. 

Cystopus (Fig. 35) causes very characteristic hypertrophy 
of all parts of the flower, particularly an enormous outgn»wth 
of the ovaries and floral envelojies, whereas other parts are 
arrested in their growth. Wakker investigated a number of 
Cruciferae with flowers deformed by this parasite, and found 
variations in the form and anatomy of the deformations 
produced on the different host-species. 

Exdbasidium, also causes well-marked hypertrophy of flowers, 
and even of the whole inflorescence of cowberry. Woronin* 
describes and figures such cases (Fig. 256). All parts of 
the dbwer may l)e attacked and grow to a great size, becoming 

'Zqpf., BeitrSm zttr Pky»iol. und Morph, nkderer Oryaniamea, 1892. 

Zopf., “car KenntniM d. Infectioiu-KmDkheitoii niM. Thi«re u. PAmuuo.*' 
Nova Acta d. h. Loop.-Carol, D. AkaU. HaUt., 1888, p. 856. 

’Nstarforsdb. Gesellachaft Freiburg-i-B., 1867. 
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at the same time fleshy and of a bright rose-red colour ; the 
ovules are sterile or abnormally formed. Wakker, however, 
found no very marked change in the anatomical structure of 
such flowers. 

The species of the Exoasceae also produce striking hypertrophy 
of flowers. Thus there are the sac-like outgrowths of the 
catkin-scales or ovaries of poplar caused by Taphrina Johatmnii 
and T, rhizophora (Fig. 52), and the “pocket-plums” or “fools” 
due to Exoasms pruni (Figs. 49 and 51). In these last- 
mentioned cases, the outer layers of the ovary become thick and 
fleshy, sometimes remaining green, while the stone and kernel 
remain rudimentary. The alder, under the influence of Exoamis 
alni incanae, has the catkin-scales much enlarged, deprived of 
chlorophyll, and of a red colour (Fig. 53). 

Mummification, or the transformation of the fruit into a fungal 
resting-body or sclerotium, is not unfrequent. In some respects 
this process resembles the change in ovaries brought about by 
Ustilagineae. Here, however, we have to do neither with hyper- 
trophy of the fruit, nor yet with its complete destruction. The 
best-known sclerotium is that of Claviceps purpurea (Fig. 84). 
It first fills up the base of the ovary, then kills it and grows 
out as a large horn-like sclerotium. The sclerotium of the oak 
(Sclerotinia Eatschiana) completely replaces the acorn, leaving 
only the outer covering enclosing it. Likewise, in the mummified 
berries of bilberry, cowberry, crowberry, cranberry, and others, 
one finds the normal parts almost wholly replaced by the 
resting-mycelium of some species of Sclerotinia. 

Formation of new Organs. 

Although parasitic fungi commonly induce hypertrophy of 
existent organs and development of normal latent structures, 
they are seldom associated with formation of new organs. As 
such, however, we must regard the formation of adventitious 
buds on the fronds of Eteris quadriaurita, Eetz, and Aspidium 
aristatum, Sw., under the influence of Taphrina Laurencia, 
and T. Cornu cervi, respectively.^ Buds or bulbils of this 
kind occur normally on several species of ferns; but ia those 
just mentioned they appear only as a result of the pa»sit§, and' 
develop into structures reminding one of a witches’ broom. 

Giesenbagen, Fiora, 1892. 
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Stall more striking are certain structures resembling witdhes’ 
brooms, which^jire produced on Thujopsis dolabrcUa in Japan, under 
the» influence of the mycelium of Cae^ma deformnm (Fig. 8). 
These consist of leafless non-chlorophyllous axes, dichotomously 
branched, and with each branch ending in a disc. They arise 
from shoots or leaves of the Thujopsis where structures of the 
kind would never have arisen normally, and are wholly sub- 
servient to the reproduction of the fungus, which forms its 
sori under the epidermis of the terminal discs 



The galls produced by Ustilio/n Tnnhu on Poh/yonum Stucha- 
hriensc are particularly interesting Here, as a result of the 
presence of the parasite, theie are formed the so-called vegetative 
canker-galls, and in addition, the fniit-galls, new organs derived 
from lateral outgrowths of the host-plant, and of use only 
in the spore-formation of the Ustilugo , they contain a special 
capillitium-like tissue, and seive exclusively for the shelter and 
distribution of the fungus-spores 
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Somewhat doubtful cases are the outgrowths resembling aerial 
roots which arise on Laurns camrieifiais attacked by Ewhmi^iwn 
lauri. Geyler, their discoverer, regarded them as deformed stem- 
shoots, but they resemble rather the galls of the alpine-rose. 


6. EFFECT OF PARASITIC FUNGI ON CELL-CONTENTS. 



The most common and, at the same time, most apparent 
effect of parasitic fungi in this direction, is the stimulation to 
cell-division and cell-multiplication. This occurs chiefly in 
young tissues, or in those still in process of growth, and gives 
rise to numerous peculiar outgrowths and swellings, some of 
which have already been referred to. 

The parenchyma of mature tissues may also exhibit secondary 
cell-division, when under the influence of a parasitic fungus. 
This I found to be the case in leaf- 

petioles of XJmbellifera' attacked by 

Protoviyccs macrospurus (Fig. 9). The 
epidermis and vascular bundles are never 
disturbed, but the intervening tissues are 
permeated by an intercellular mycelium, 
which causes the cells to divide into a 
large number of delicate-walled chambers, 
all containing nuclei smaller than those 
of neighbouring undivided cells. The 
same thing is observed in plants of tL8eonhep^mriV"ceu“''(Com“ 

Viola 0(1 0 rata inhabited by Urocysti^ pare Fig 4..) (v lubeuf del.) 

violac ; the mature parenchymatous cells become divided up 
by means of delicate walls running in various directions into 
numerous chambers or secondary cells, which Wakker in 
describing has named “ nutritive tissue.” ^ This new tissue 
remains permanently in attacks of Protomyces^ but with Uro- 
cystis it is almost completely used up during the formation 
of spores. In some diseases caused by Exoasceae, a similar 
secondary cell-division takes place ; for example, in the sub- 
epidermal parenchyma of leaves of poplar with Taphrina 
aurea (Fig. 63). 

An interesting observation was made by Rosen ^ on the direct 


Fig f) — Secondarj cell-dtvision 
111 parenchyma of petiole of ..4 cpo- 
podtum as a result of Protomycen 
i?tac7oiiporu» The nuclei of the 
new cells are much smaller than 


^Wakker, “ Untersuchungen.” Pringaheim^s Jahrbuch, 1892. 

2 Rosen, Beitrage z. Kmntnim d. Pflanzeiadle. Habil. -iSchrift, 1892. 
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effect of haustoria of Uredineae oh the cell-nucleus. He describes 
it thus : “ Th‘e mycelium of Fmdnia amrim pernlfeates between 
the cells of the leaf-tissue of Asarum, and sends into almost 
every cell of the infected part, .a short, sometimes branched, 
hypha, which serves as a haustorium. This grows in almost 
every case towards the nucleus of the host-cell, and becomes 
firmly attached thereto, or completely encloses it. The nucleus, 
in consequence, undergoes considerable deformation, sometimes 
being tightly constricted by the haustorium, or the apex of 
the hypha penetrates deep into the nucleus, pushing the nuclear 
membrane before it.” 

Enlargement of the cell-nucleus occurs, according to Frank, 
in the cells of the root-tubercles of Leguminosae causetl by 
bacteria; likewise in the cells of endotrophic mycorhiza of 
orchids. Schlkht,' in considering the endotrophic mycorhiza of 
Paris qv/ndrifolia, says, “ One observes here, as in the mycorhiza 
of the Orchideae, that the cell-nucleus, which is very large, am 
exist in the cell beside the fungus-tissue. The hyphae, however, 
frequently penetrate into the cell-nucleus, or surround it in 
a close network."* 

The effect of parasitic fungi on the chlorophyll of tissues 
attacked by them is veiy^ varied. We may distinguish three 
cases, apart from those in which the parasite, kills the host-cell 
and its chlorophyll along with it. In the first, the green parts 
of the plant attacked become bleached by the influence of the 
parasite, and ultimately lose tiieir green colour; this we might 
designate “ mycetogenous chlorosis." Examples are the galls 
of cowberry and species of rhododendron, the results of many 
Uredineae, such as Gkrysomym rhododmdri on spruce, Aecuiium 
krticae on nettle, Gymmcsporarvyium clavaruieforme on hawthorn, 
and the leaf-gaUs due to Exoasceae. 

In the second case, there is a preservation of the chlorophyll 
in places infested by the fungus, in contrast to adjoining normal 

tSchlicht “Beitwlge z. KenatalM Verbreitang xu Bedeatuog d. MyoorliiKeii.” 
Inaug. Diw. 1S8», p. 14. 

* Groom (“ Thimia A (term, and lU Myvmriiiza,** AnmU qf Botany, Jnt)«, 
1895, p. 339) describei! and fipres a Bimilar ,caM. aaja, **The fungus 
enters the oell as a single slender hypha, which at once grows directly towards 
the nucleus of the host-cell.” Hs auo mentions an onservation of Professor 
Marshall Ward, *‘that in Hemileia of the oofiTes disease, the haustoria often apply 
themselves to the nuclei of the host’s cells.” (Edit.). 
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parts, which become pale and die. This is exemplified in 
OroTiartium asdepiadeum on the leaves of Viricetoxium, Gym- 
no8porangium davariaeforme on the quinte, Uncinula aceris on 
the Norway maple, Uhytisma pvncfatum on Acer spicatum 

Intermediate between these two extremes are cases where 
the chlorophyll is retained, but in much reduced quantity. For 
example, organs under the influence of Exoascus alni incanae or 
Aecidium datimim, though still green, are pale in contrast to 
those normally deep green; leaves attacked by Peronosporeae, e.g. 
Corydalis or Anemone with Plasmopm'cc pygmaea, and Anemone 
with Aecidiwn punctatum or Puccinia fnsca\ leaves of Cirmnn 
containing mycelium of Puccinia suaveolens ; leaves of alder 
with Exoa'icus epiphyllus, and many others. This paler coloura- 
tion of diseased plants is frequently an easy means of recognizing 
them amongst the healthy ones. 

The third case is that of “ mycetogenous chloranthy or the 
development of green colour in organs normally of some other 
colour. Wakker has proved this in the petals and stamens of 
Pra^sica nigra and Sisymbrium pannonicfum attacked by Cystopus 
and Peronospora. Likewise Magnus showed its existence in 
flowers of Anenwnc ranurmdoides with Aecidium punctatum. 

The cell-sap, in some cases of hypertrophy, assumes on the 
sunny side a rose colour; thus in galls caused by Ewbemdium 
on alpine-rose and cowberry, pear-leaves with Roestdia cancellata 
and Polystigma ruhrum, catkins of alder attacked by Exoascus, 
and galls caused by Taphrina carnea on the sweet birch. The 
epidermal gaJJs, due to some species of Synchytriim {S. nidro- 
cinctum, S. anemones, etc.), exhibit an intense carmine colour. 
Yellow coloration occurs, according to Wakker, in nettle, buijk- 
thorn, and many plants when frequented by Uredineae. There 
may also be a yellow colour due to the yellow oily contents 
of the mycelium shining through the host-tissues, as in spruce- 
needles with Chrysomym ahietis. 

In considering the effect of parasitic fungi on the starch- 
contents <of the host-plant, two very distinct cases may be 
observed. There may be, for a time, a greater accumulation 
of starch in the attacked parlss than in the normal, or the 
parasite may dissolve any starch present and utilize it at once. 
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Accumulation of starch is described by R. Hartig ^ in spruce- 
needles attacked by Lophodermium tnaerosporum. In the pre- 
sence of the fungus-myoeliura, an increased production and 
storage of starch takes place^ At a time when it is being only 
slowly formed in normal needles. If the needles become diseased 
during May, a season when they are already full of starch, 
this remains intact in the dead cells till October, when it begins 
to be used up. 

Wakker observed accumulation of starch in comfiey with 
AecMium aspcrifolii, in buckthorn with Accidimn rhamtn, in 
hawthorn with Hoestelia laccrcUa, in Si%yinhrium officinale and 
other plants with Cystepus, in roots of Brassica inhabited by 
Plasmodiophora bra^mcae, and in hypertrt>phied scales of alder 
catkins with E.toascm. Many other examples are given through- 
out the literature of plant- pathology. 

Particularly noteworthy is a case of starch preservation in 
oak-wood destroyed by Folyportcs dryadens and P. iyniarim 
simultaneously.^ In the wood infested by 
either of the fungi alone the starch is dis- 
solved, but at the boundary where the two 
meet it remains in the medullary rays : 
these, in consequence, apj)ear snowy white, 
and consist almost exclusively of unchange<l 
starch-grains, while the lignified adl-walls 
have been converted into cellulose or com- 
pletely absorbed (Fig. 10). Ix>ew^ rcunarks in 
regard to this: “One must assume here m 
variation in the kinds of diastase, and a 
neutralizing effect of the one on the other, 
in somewhat the same manner as i^epsin acts 
on tyrosin. One is also reminded of two 
optical antipodes which easily unite into an 
optically neutral body” {€.y. sugar isomers). 

The dissolution of starch by fungi has 
examined in detail by Hartig. The 
^ wood-destroying fungi dissolve the reserve 

starch-gmiri® laid up in the wood-parenchyma in various ways. 
Assuming die view of Naegeli, that starch-grains consist of a 

' Wkktige Krmkkmtm d. Waldbdumen, 1874. 

Hartig, SmetzmgHr$ohemvHg€H^ 1878. 

^Loew, 0., Mn mUurlieJm Syttem d. €l\fUWirhmge»i. Munich, 1898. 
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cellulose and a granulose part, Hartig describes the process thus 
(Fig. 11). The mycelium of species like Polyporus igniariics 
gives off some ferment which dissolves the starch-grains, by cor- 
roding them from the outside ihwards, so as to form holes and 
canals similar to those in 

starch-grains in process of [ I )( 

dissolution in the cells of a IBr 
sprouting potato. In others, 4|^ 

ejj. Thelephom perdic, the ^ 

granulose is first dissolved . 

from without inwards, so that ^ 

finally only the starch -cellulose l ^ r oy 

remains, occupying a region no. n -surch gmim from the oak, u. pro- 

tnwflrds! thp nnfpr nf cess of dissolution by fermiuts, o, of 

Dowaras tnc oiuer pares oi ^ poivpo^m iuiphwem, c, of Po/y- 

thp <rrflin n l^inrl nf Vnitslr }w,o»ignwvm» In a and 6 the lodme-reaction 

Llie ^Idin as a Kina OI nUSK, {« shown by shading (After R Hartig.) 

which is in time gradually 

used up. Ill Polyporus mlphureiis the operation is reversed ; 
the starch-cellulose appears to be dissolved out first, leaving 
a residue of granulose. These observations were based on 
the assumption that the starch-grain consisted of a granu- 
lose portion which turned blue with iodine, and a starch- 
cellulose portion which became yellow ; or again, on treating 
the starch-grains with dilute acids the granulose was dissolved, 
while the cellulose remained in the form of a skeleton. 
Although more recent investigations have shown that the 
cellulose-skeleton results from the action of the acids, and that 
this view of the constitution of the starch- grain was not quite 
correct, yet Hartig’s observations prove that the various fungus- 
ferments have each their own action on starch-grains ; his 


results are also supported by other facts. 

Other fungi besides Polyporeae utilize the starch of their 
host- plants, thus Phytophthora in leaves of the potato. 

The formation of calcium oxalate is influenced by action of 
parasites. From Wakkers synopsis of the phenomena of hyper- 
trophy, we find that calcium oxalate normally present in crystal- 
sacs in leaves and flowers of Khammis Frangida^ is wanting in 


parts deformed by Accidium rhamni ; crystal-sacs are less 
abundant in diseased stems than in healthy ; the calcium oxalate 
in galls of Erohasidiim is not present in crystaFsacs, as in the 
non-deformed organs, but as ill-defined solitary crystals of limited 
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number; on the other hand, crystal-sacs, normally absent, are, 
under the,* influence of JExoascus alni incanae, formed in hyper- 
trophied catkin-scales of alder. 

It may be here observed that calcium oxalate crystals are fouml in the 
mycelium of many fungi. De Bary^ found them very common, |wirtieiilarly 
in the mycelium of species of liotrytin^ and he remarks thereon : “ it may 
well be assumed that the oxalic acid is foriimi from the sugar inside the 
living oxygen -absorbing fungus-cell, but is immediately ejected therefrom 
by the carbon dioxide produced in respiration ; in other word.H, an oxida- 
tion-fermentation takes place in the plasma of the mycelium. The oxalic 
acid is probably separated in combination with jx>tasaium and converted 
into calcium oxalate, when calcium is present in the |>abulum ()f the 
mycelium.'’ 


7. EFFECT OF PARASITIC FCNOI UX THE CELL-WALL. 

The effect of the mycelial hyphae of jNirasitic fungi on the 
cell-wall may be eitlier mechanical or chemicnl. The intrfi- 
eellular hyphae of fungi an<l the apices of the haiistoria of 
intercellular fungi must i»enetrate through the cell-wall.‘* of theii- 
host, either of the epidermis, or the membranes of other cells, 
consisting of cellulose alone, or in .some state of lignification.* 

The membranes may he sini}>ly pricked, as hy a fine needle, 
so that the opening, because of the elasticity of the celIuio.se. 
clo.ses up again after the iKirforating hyjdni has died. This 
is the case with many rredineae. In such cases the hypha is 
constricted in passing through the cell-wall and swells out again 
in the free cell-cavity. Frequently, as in the case of Ptnnio- 
spam (Inim, the haustoriuiii will only cause a dej»reK.sion in the 
membrane of the cell without penetrating it. 

In addition to purely mechanical perforation of the mem- 
brane, the efl’ect of the hyi>hae may also he a chemical (uie, so 
that the wall is dissolved and the holes jumlueed remain long 
after the hyphae which made them have disajqieared. 'i'his 
solvent effect is probably always [»resent in cases where |M*r- 
foration of lignified membranes takes place. It is a consUint 

' I)e Bary, Botan. Zeitumj, 188G. 

^ l)e liary. BioUKjy awl Morpholwjy of thf Fuwji. EngliMli K<Utioii. 

H. M. Ward. “ On a lily-diBcaae,^’ Ammfi* of Botany, IMSti. 

MiyoBhi. “Die Dmtdibobrung v. Membranen durcli Pilze.” Pnw/«hfm'4 
Jahrbueh, VoL 28, 18ft6. 
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accompaniment of the attacks of wood-destroying fungi on the 
woody parts of trees and shrubs. Besides actual perforation 
of' the lignified membranes of their host, the hyphae of many 
of the Polyporeae and Agaricini exert a solvent effect on the 
walls, which extends over a considerable area, and is evidently 
due to the excretion of some ferment. The dissolution of the 
walls takes place, moreover, in a way so characteristic for each 
species of fungus that they can be determined by it alone. From 
this it must be deduced that each wood-destroying fungus 
excretes a ferment peculiar to itself, which causes a character- 
istic dissolution of the host. Our present sources of informa- 
tion on these points are the very valuable investigations of 
Professor Eobert Hartig of Munich.^ Some of his results will 
repay our careful consideration, but we must preface briefly 
some facts regarding the process of lignification and the forma- 
tion of heart-wood in our forest-trees. 

The elements of the wood of dicotyledonous trees and woody 
plants are derived from the cambium ; their walls consist at 
first of pure cellulose, and when lignification takes place the 
so-called incrustiiig substances are laid down lu the thickened 
cellulose wall, particularly coniferin, vanillin, wood-gum, tannin, 
etc. ; or as they may be collectively called, lignin. The cellulose 
membrane itself is coloured lilac with chlor-zinc-iodine ; when 
lignified it no longer shows this reaction, but has others peculiar 
to itself, the best known being red coloration on treatment 
with phloroglucin and hydrochloric acid, or yellow coloration 
with aniline sulphate ; chlor-zinc-iodine colours lignified tissues 
brownish-yellow. Copper-ammonium-hydrate dissolves cellulose 
but not wood.^ If the incrusting substances be removed from 
the lignified membranes by treatment with Schulze’s solution, 
caustic soda, or other solvent, the cellulose remains and reacts 
as such. In the process of conversion of alburnum into dura- 

' The most important of these works are : 

Die Zereetztmgsericheinuuffen d. Ilolzen d. NadelhUzer u. d. Eiche. With 21 
coloured plates. Springer, J^rlin, 1878. 

Der echte Hausiichtoamm, Menilim ladtrymam, 1885. 

Wichtige Krankheiten d. Waldbiiume, 1874. 

Lehrbuch d. Bmmkmukheiten, I. and II. Edition, 1882 and 1889. English 
translation of II. Edit, by Prof. W. Somerville. 

Lehrbuch d, Anatomie u. Physiologit d. Pjlanzen, 1891. 

“ For further reactions see : 

Zimmermann. Die hotaniache Mkrotechnik, 1892. 

kStrasburger. Das botaniscke Praktikum, 1887. English Edition, 1889. 
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men othei?* substances make their appearance in the lignified 
walls, chiefly tinctorial phlobaphenes. 

The walls of the wood-eleipents are, however, not lignified 
to the same extent. The primary layer of the wall is, as il 
rule, lignified most and contains but little cellulose. In con- 
sequence, on treatment with lignin-solvents, it becomes first 
dissolved while the secondary and tertiar}' membranes, although 
their lignin is also partially dissolved out, remain behind as a 
distinct framework of cellulose. With longer treatment destruc- 
tion of the tissue proceeds till only the pure cellulose membranes 
of the isolated cells remain. The ferments of many fungi act 
in this way; for example Timiutes pini, as shown in Fig. 12, 
at a the wall is in its normal condition, showing a primarv 



Fjo. 12.<-Sectiou of tmcheldei. of ptne-wood In proeews of dissolution tlic 
fortnent of TrameU* jnm. (After R. Hsrtig.) 


wall and two striated secondary membranes ; at h the fungus- 
ferment has caused a splitting of the primary wall, which 
formerly appeared as a single layer, and the elements are 
separating from each other ; the “ filling-material ” of the inter- 
cellular spaces (under c), and the ring of lime surrounding the 
cavity of the pit d, remain for a longer time; the right wall 
of the cell h consists only of cellulose, (as indicated by the 
striation being no longer shown, although still present); in 
the cell r the primary wall has disappeared, and the secondar}' 
and tertiary membranes thin off towards / in which only 
the ash c^onstituents remain as fine granules, better seen in 
Fig. 13. 

In contrast to the lignin-dissolving fungi, there are thosf 
which dissolve cellulose. When wood is treated with 8ulphuri< 
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acid the cellulose is dissolved out, and the primary wall remains 
almost intact, while the secondary after swelling is converted 
into sugar and gum. Certain fungi {e.y. Polyporm vnporanus, 
F. Schwdnitzii and P. sulphurem), act in the same manner, 
first dissolving out and consuming the cellulose before attacking 
the wood-gum. When wood is destroyed by fungi of this 



Fi« U Fig 14 


1 to 13 — Tracheid of Pmm tt/hettrit destroyed by liameUt pmi The primary 
cell wall is completely dissolved from below upwards to o, o , b, seconaary and 
tertiary layers of the walls consisting in the under tion of cellulose only, In 
which granules of chalk are recognizable , c, fungus-byphae bonng through the 
walls, leaving holes d and r (After R Hartlg ) 

Fio 14 —Tracheid of Pmu» destroyed by Poly^xirut Sehminitm The cellulose 
has been extracted, and the wall consists only of wood gum The fissures are a 
result of drying up, but they do not extend Into the primary wall a, b Crossing 
of the fissures takes place at the boidered pits c, and at the bore-holes d and e , 

; simple fissures (After R Hartig ) 

kind, the primary wall, containing but little cellulose, is hardly 
affected, and the secondary membranes shnnk together, so that 
numerous fissures are produced running in a spiral direction, 
corresponding with that of the stratification (Figs. 13 and 14.) 
The tertiary membrane varies in its nature, it may consist of 
pure cellulose or be more or less lignified, oi even cuticularized. 
In the wood-fibres of some plants (Cytisus, ffumvlus,) this 
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layer becomes formally loosened from the other membranes, and 
appears as a separate tube in the cavity of the fibre. 

Variations of this kind in the structure of the wood must of 
course influence the action of the attacking fungus. The decay 
may be a local one, as with Trametm pini, T. radiciperda, 
Thekphora perdix, which cause destruction of isolated spots 
only and produce holes here and there throughout the wood. 
On the other hand, the wood may be uniformly converted into 
a discoloured decayed mass. The walls may be simply pierced 
by little holes corresponding to the perforating hypha, or large 
portions of them may be more or less completely dissolved 
away, and either the cellulose or lignin remain behind ns a 
skeleton. Hartig gives an interesting case which accompanies 
dry •‘rot {Merulim lacrymam): the mycelium iwlherent to the 
cell-w’alls dissolves out the lime granules included in the mem- 
branes by the excretion of some fluid containing carbonic (or 
other weak) acid, in much the same way as roots coitcmIc 
limestone. 

The dissolution of starcli in wockI has already been considered. 

In conclusion should 1:>€ mentioned Hartig’s observation 
that normal spruce wood, on treatment with ferric chloride, 
the reagent for tannin, gives no coloration, such as is given 
by the same wood when de.stroyed by dry-rot. 

§ 8. EFFECTS OF PARASITIC FUNGI ON THE ANATOMICAL 
STRUCTURE OF THEIR HOSTS. 

Eflects of this kind can only be bxjked hir where mor- 
phological changes have resulted from the presence of pjirusitic 
fungi, particularly in the case of hypertrophied organs. Wakker’ 
was the first to collect recorded evidence of anatomical change.^ 
due to hypertrophy ; he added to these by hi.s own investi- 
iiations, and classified the results. We shall therefore in this 
division depend chiefly on his publications. 

Enlargement of host-cells is one of the most frequent pheno- 
mena accompanying attacks of parasitic fungi. It may take 
place with both intracellular and extracellular parasites. 

A single cell hypertrophied in this way is the simplest 
possible fonn of a ‘‘fungus-gall” (see p. 25). Examples of 
’Wakker, Pring»h*im'$ Jahr^mk, 1892. 
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simple galls of this kind are cells of Pilobulus Kleinii inhabited 
by Tleotrachelm fulgem, cells of turnip infested by Plasmodio' 
phora, or of dandelion with Synchytriim. 

Cell-enlargement resulting from the influence of extracellular 
parasites is most distinctly seen in those algal cells, which 
form lichens with the hyphae of certain fungi. Thus according 
to Stahl, the algal cells of the lichen Endocarpon p milium 
become enlarged six-fold. 

Cell-enlargement accompanies all hypertrophy of plant organs, 
whether the parasite lives purely intercellular, or has haustoiia. 
At the same time one generally finds a disappearance of the 
intercellular spaces present in the normal tissues ; in some 
special cases, however, these may become more numerous and 
larger. Cell-enlargement, accompanied by disappearance of 
normal intercellular spaces and chlorophyll, are shown by 
Woronin’s illustrations to be very marked in the galls on cow- 
berry, due to Exobmidiinn vaccimi. Cell-enlargement is also 
frequent in cases of hypertrophy due to Exoasceae; thus in 
Taphrina uurea, although the mycelium is only subcuticular 
or penetrates but slightly into the epidermal layer, yet the 
cells are much enlarged and their walls are strikingly thickened 
(Fig. 68). Smith ^ found that when leaves became thickened 
in consequence of attacks of certain species of Taph'ina, their 
cells became larger and rounder, so that the large intercellular 
spaces of the spongy parenchyma disappeared and the char- 
acteristic appearance of that tissue was lost. 

The epidermis, as has already been indicated, is influenced 
by fungi which live between the cuticle and cell-wall, as well 
as by epiphytic fungi, whose haustoria penetrate it. The 
epidermis is, however, more frequently destroyed by endophytes, 
which rupture it in forming their reproductive organs. Some 
of these produce their sporocarps inside the epidermal cells, 
and, as they enlarge, cause detachment of the outer walls of 
tlie cells from the remainder, to form for a time a covering 
which is ultimately ruptured as the sporocarps attain maturity. 
Where the fungi live under the cuticle {e.g. the Exoasceae), 
this alone is ruptured when the asci are formed. The repro- 

’ William G. Smith. “ Untersuchnng cl. Morphologie u. Anatomic d. durch 
Exoasceen verursachten Deformationen. ” Inaug. Dissertation, Munich, 1894; 
also, Forstlkh-natanoiM. ZtiUchrifl^ 1894. 
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ductiV||f mjcelitim of the following forms also grows only under 
the €Uticle:‘ Bkytisma andromedae, the spermogonial mycelium 
of jPwscmia ammoim, Phragmidium, and other Uredineae. 

In many cases of hypertrophy the epidermal cells become 
enlarged in a radial direction, and this, as in Taphrina aurea, 
may be accompanied by considerable thickening of the walls. 
In other cases, like that produced by Synrhytrtum, the epidermal 
cells may become gelatinous. 

The cork becomes abnormally increased in many examples of 
hypertrophy. Thus in witches’ broom of alder due to Exfxucus 
cpiphyUm a phelloderm is form^, while on normal twigs phellem 
alone is produced. Cork is found in juniper needles with 
Gym^imporajigiumjvniperitium^Xhoxx^i never in the normal needles. 
On the other hand, cork-formation is suppressed in twigs ot 
hawthorn, deformed by Rocstelia lacerata. The so-called “ wound - 
cork” is constantly associated with attacks of parasitic fungi ; it 
separates diseased portions of rind and biist from sound, forms 
sheaths round bundles of sclerenchyma, and permeates the 
medullary rays. 

Collenchynia was found by Wakker to be absent in all cases 
of hypertrophy of parts of plants where it is normally present : 
for example, in stems and petioles of cowl>crry attacked by 
Exobasidit/m, stems of buckthorn with Acddiuiu rhamai, of 
Cralargm with EoeMia lacnrUa, of nettle with Arcidituit urticm, 
and of Safiyuisoi’bia with Xenodockva car}H>na nun. On stalks of 
Umbelliferae witli pustules of Protom ym, I found, where the 
collenchyma region was involved, that that tissue was not 
developed (Fig. 46). 

In all cases of hypertrophy, parenchyma plays an inifiortanl 
part. Most abnormal outgrowths result from multiplication and 
enlargement of the cells of the imrenchyma, the formation (d 
mechanical tissues being more or less suppressed. Tlius the 
gigantic examples of hypertrophy exhibited by turnijB infested 
by Plamiodiopliora, consist almost exclusively of parenchyma. 
Thickening of stems or branches is generally due to increase 
of the rind-parenchyma, as in buckthorn under influence of 
Aecidium rhamni, hawthorn with Gymvmporanginm clovariae- 
forme, in most witches’ brooms, and in many other cases. In 
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the witches’ brooms due to Aeeidium elatinwn, the pith appears 
enlarged as the result of increase of the medullary parenchyma. 
In diseased leaves, palisade parenchyma can frequently no longer 
be distinguished from spongy, and only irregular polygonal c^lls 
are formed. As examples may be given needles of fir with 
Aeeidium abietinum, and leaves with galls due to Exoasceae. 
Finally, there may be a marked increase of wood-parenchyma, 
both ot medullary rays and the wood proper; this is especially 
well marked in Jumperus communis affected by Gymnosporangium 
juniperinum} where in consequence of an enormous increase of 
the parenchyma of rind and medullary rays, the tracheidal 
regions become separated by broad wedge-shaped rays, and at the 
same time they are peripheially intersected by bands of paren- 
chymatous tissue resulting from increased development of the 
wood-parenchyma (Fig. 220, etc.). 

The Sclerenchyma is generally suppressed where hypertrophy 
occurs. Examples mentioned by Wakker are stems of cowberry 
with Exohasidium, of hawthorn with Gymnosporangiumy of 
Sanguisorhm with Xenodochus, and alder catkin-scales with 
Eioascns. On the other hand, sclerenchyma is developed in 
stems of Cirsium as a result ot Puccinia s^mveolens, whereas 
normally it is absent. 

The secondary vessels of the wood frequently remain irregular, 
and with imperfectly absorbed partition -walls. According to 
Wakker, this is the case in Vacemium with Exobasidiuniy 
Cratiugus with Eo<steha, and Rhamnus with Aeeidium. 

Suppression of interfascicular cambium was observed by 
Wakker in buekthorn and nettle with their ^ respective Aeeidium 
parasites. Prolonged activity of the same tissue he found in 
Sisymbrium with Cystopus. 

Arrest of lignification was found by Wakker in medullary rays 
of Crataegus with Roestelia, and in deformed scales of alder 
catkins affected by Ejoascus, 

We have already considered increased growth in length and 
thickness in connection with hypertrophy. It need only be 
?.dded that increased thickness of woody plants may be due to 
’Tirrease of the rind, the bast, the pith, or medullary rays, and not 

^ P, Wornle. “ Anatomische Untersuchung d. durch Gymnosporangium-Arten 

vorgerufenen Missbildungen.” Inaug. Diss., MUnchen, 1894; also, Fomtlich- 
ZeitwArift, 1894. 
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to increase m the actual wood elements. This is the case in 
twigs of silver fir witches’ brooms, in young swellings of juniper 
attacked by Gymnosporaimium, and in the thickened twigs of 
Albizzia resulting from Uromyces Tepp€rmnu& (Fig. 181). There 
may be, however, a distinctly increased growth of the wood. 
Thus, with attacks of GymTmporaiigimi frequenting juniper, 
especially G, sahinae, there is often a marked thickening of 
liranches due to increase in the xylem-eleuients. Again, one 
finds cankers due to Aecidium elaiimm, accompanied by stern- 
swellings with a diameter twice or three times that of the 
normal, and .jn which the bark and bast form but a thin layer 
in proportion to the part made up by the wood. Exceptionally 
striking are the gigantic woody knots formed on the Japanese 

Pinvs (hmiflorn, ami P. 
Thnnhcrgii attected by Peri- 
denii i u m f/iga n ten m ( Fig, 
15 ).^ 

Wakker found that niii- 
ciiage canals of Phnntnns 
Fr(tngnl(( affected by Aeei- 
(Unm were not so well 
develojjed as in normal 

twigs. 

Jlesin -canals are often 
irregularly formed and ab- 
normally multiplied in eon- 
Hequence of i>anisites. The 
resin -finals of the spruce 

were found by Hartig to be mt numerous in [ilants atUicke*! by 
Agarkm mdleiis that an abnormal (|uantity of resin is j>roduc(*d 
in the wood, and flows from the diseased roots ; hence lias 

arisen the name resin-glut ” or “ resin-flux ” by which the 

disease has long been known. A particularly noticeable flux of 
resin takes place from pine-bark in presence of Prridermium 
pini ; the mycelium grows in the metlullary niys and resin- 
canals, causing an excretion of resin from all living parenchyma 
in the wood, so that both hast and wood become completely 
impregnated with resin, and thin sections of wood transmit a 
rose-coloured light. 



Flo, 1ft.— Wood-nwciliag oil Fin attacked 

at this place bjr Peridenmiuin ffiffanteum, | natiira) size, 
(V. Tubeuf phot,) 

(On Pmus 7’4Ka(««vi(atlllUix<»’ example* maj- occur.) 


CHAPTER III. 

RELATION OF PARASITE TO SUBSTRATUM. 

§ 9. EFFECT OF THE SUBSTRATUM ON THE DEVELOPMENT 
OF THE PARASITE, 

A NUMBER of parasitic fungi live only on one species of 
host. For example Sdrrotmia haccanm on Vaccinmm Myvtillm, 
Chrysomym ahietis on Ficca cxcelm, THphmgmwm 'idmariae on 
Spiraea ulmaria, Hysterium nervisequium on Abies pectinata, 
Hhyfmna androvudae on Andrmneda polifolia. De Bary^ proposed 
for cases like this the term monoxeny, while to cases in which a 
parasite frequents several different species of host he gave the 
name polyxeny, or more particularly, dixeny, trixeny, etc. As 
examples of polyxeny may be mentioned Rhytisma salicinum 
found on all species of willow, and Rhytisma acerimm on the 
genus Acer. Other parasites attack not only different species 
of some genus, but also different genera ; thus, Fuccinia yraminih 
occurs on various cereals and grasses, Fhytophthora omnivmt 
on many different plants, Fhyllactinia s'uffulta on leaves of 
Cory bis, Fayas, and many other trees ; Claviceps purpurea on a 
large number of cereals and grasses, Cystopus candidus on many 
Cruciferae, and Nectria cirmaharina on all kinds of broad-leaved 
trees. 

Monoxeny and polyxeny must be carefully distinguished from 
the autoecism and heteroecism of the Uredineae. Many species 
of this group go through their whole life-history, and produce 
all their forms of spore on the same host, others, however, pro- 
duce some forms of spore — spermatia and aecidiospores — on one 
host, and the remainder — ^uredospores and teleutosporeS — on 
^ Botanische ZtUuiig, 1867, p. 264, 
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ano&her hosU Such heteroecious parasites may be, however, also 
monoxeuous; for example, Mdampsora Goeppertiana has its 
teleutospore-form only on the cowberry, its aecidiuni-form 
only on the silver fir. On the other hand, Chrymmym 
rhododmlri frequents several species of Ehnlodendron, while 
the aecidia occur only on Picea Mcelm ; Cromrtitim rmlepiadeim 
comes on both Oentiana and Oynamhum, the aecidial stage 
only on Pinm sylveatris. With Gymmsporangium clamrineforme 
this condition is reversed, the teleutospore-form occurs only on 
Jimiperus communis, the aecidial on various sjiecies of Crataegus 
and other genera. 

The effect of various substrata on the development of any 
fungus may l>e most conveniently investigated : {a) on facul- 
tative parasites and saprophytes, (b) on polyxenous sfHjcies oi 
fungi, (c) in cases where the fungus inhabits essentially difi’erent 
organs or tissues of the same host. 

The most obvious effect of the substratum is presenUnl during 
the germination of spores. The spores of most parasiU's ger- 
minate in water. Those of certain smut-fungi, e8j)ecially in 
the fresh condition, will not germinate at all, or only to 
a very limited extent in water, whereas they will do so 
immediately and unanimously on being ottered a nutriti^ 
solution. TUieiia, a genus of Ustilagiueae, behaves, however, 
in quite the reverse way, it germinates only in WRter, and 
refuses to do so in nutritive solutions. Hartig found that the 
spores of dry-rot {Mendius) would neither germinate in watei 
nor in the usual nutritive solutions, but that they did so ai 
once on adding alkalies to the water, such iis those supplied 
by addition of urine. Very characteristic is the l»ehavioui 
of these spores, which only germinate in conhict with tlieir 
host-plants, like many Chytridieae^ (Synchytrium), as well m 
Completoria and Protomyccs} Othei-s again send out germ-tubes 
which remain small and soon die away if an immediate 
opportunity of penetration into a host is not presented. I>e 
Bary states this to be the case with swarm-spores of Cystapus, 
Peromspora nivea^ Erysipheae, etc. Amongst the Urediueae, the 
germ-tubes are short-lived ; they will penetrate into almost any 
‘ l)e Bary, Morphology and Biology of tht Fungi, chap. vii. 

^An exactly parallel case it prenentetl by the eeed of Orobancbeae. which 
geraiinate only in contact with tne rooUi <jf their hoet (Kooh*t ''Orohanchen," 
Heidelberg, mi). 
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host, but soon die off, if it be not a suitable one. De Bary 
also observed a germ-tube of Peronospom pygmcm, which 
frequents Anemone, making its way into Eanunc'idus Ficaria, 
but soon to die. Germinating spores of Cystopus candidits will 
enter the stomata on leaves of any of their host-plants, especially 
Capsdla, but will only develop further if they are successful 
in penetrating into the cotyledons. 

Variation in the substratum produces very great difference in 
the formation of the reproductive organs. Thus many Ustila- 
gineae produce conidia by continuous sprouting only when 
cultivated in nutritive solutions, while their resting-spores are 
developed only from a mycelium which inhabits the reproductive 
organs of their host; this is the case with Ustilago caricis, 
U. anthcarum, and U. tritici. In others the spores are found in 
all parts of the flower, and even in the inflorescence, as in 
Ustilago ermnta and U. tragopogonis, while in Ustilago maydis 
spores are also produced in leaves and stems. 

The various parts of the same plant behave very differently in 
this respect. The Ustilagineae just considered reproduce them- 
selves only on certain organs of their host, although the 
mycelium is also present in other organs. Other fungi behaving 
similarly are Epichloc typhim which produces its perithecia only 
on the surface of the sheath of one of the leaves just below the 
inflorescence; Aecidiam datinum develops its aecidia only on 
the needles of the witches’ broom ; Aecidium euphorhiae has its 
aecidia only on the leaves of its host ; Emascus pruni has asci 
only on the fruit ; Calyptoqiora produces teleutospores in the 
epidermal cells of the stem, never of the leaves ; and so on in 
many other cases. 

The formation of oogouia of Oystopns exhit)its a striking vari- 
ation according to the host-plant. Cystopus candidus on Capsella 
produces conidia alone, never oogonia ; yet the latter are plenti- 
fully developed in flowers of Brassica, being confined, however, to 
the flowers, while conidia are produced in all parts. Cystopus 
bliti forms conidia only in the leaves, and oogonia only in the 
stems of Amaranthus Uitum} 

The mycelium of many other fungi can only grow in certain 
iorgans, while germ-tubes from the spores are only able to pene- 
trate into certain parts of the host. Thus, Exoasmes alni vneanae 
* De Bary, Morphology and Biology of the Fungi, Engliah Edition, p. 391 . 
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has a mycelium only in catkin -scales ; Exoamis pnini, however, 
hibernates in the twigs, and fonns reproductive organs only in 
the walls of the ovary ; Aeddium atrobiJ^ph grows only on the 
cone-scales of spruce; Claviceps frefquents only the young ovaries 
of cereals and grasses ; and so «i, other fungi inhabit only leaf, 
stem, root, or flower. 

In this connection points of considerable interest are presented 
by the behaviour of many Uredineae hitherto little investi- 
gated. As was pointed out by De Bary, the germ-tul)es 
produced from both uredospores and oecidiospores (in Pucrimo 
dianthi those from sporidia also), |)enetrate into the sU)iiiata 
of any phanerogamous plant. If, however, that should not be 
a host-plant of the fungus in question, then the germ-tubes 
die away in the stoniatal air-cavity. If the host suits llu* 
fungus only in a limited degree, then no hypertrophy will 
result, and the latter will attain only to tlie formation of spermo- 
gonia. Let the host, however, l^e the one l>est suited to tlje 
fungus, then hypertrophy will result and aecidia be developnl 
Very conclusive evidence of this interesting condition has been 
furnished by numerous experiments which I have carried <»iii 
with spoitjs of (hfnuio»i)ora7igii(m} If one infects Cmtanjos 
Oj'yacantha with G. chraHai/oniu, very marked stem-hyi>eitio[>h\ 
results, even by the time the spennogonia have made ilan 
ap[)earance; there is also considerable sw’elling of leaves ami 
slight eiilaigement of cotyledons, w'hile aecidia ai-e produced 
in numl>ei-s everywhere. When the same fungus is u.sed i<> 
infect Pp’tf^ Aiwi/paria, no yellow sjxjts or nialforniatinii 
of any kind i-esulls, and spermogonia, haixlly visible witJi a 
lens, are formed only here and there. A similar infection mi 
Pi/nis latifolia (P. Aria X ^tminalU) results in a crop 
badly developed aecidia. If quince be infected, then witlmut 
any hypertrophy whatever, little i-ed spots bearing numcJ'^im 
spennogonia are formed on the leaves, but the developmciii "f 
the fungus ceases there; on the death of tlie quince h‘a\(*s 
the chlorophyll is retained in the immediate noighbourho<xl ot 
the spermogonial spots, so that they reaudu for some time 
green islands on the yellow leaf. K Herlig’s infections witli 
Mclampsora trcmulm also led to varied pesults; on Pinus tlu ie 
ensued a distinct disease of the cortex (Oarrnna pmiturqKvm), 

* V. Tubeuf, CttUralUaU f. Baetsriohifif «. Parwtitttd’imdf, 1801. 
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while on La/rix only little cushions appeared on the needles 
(CaeoTM hricis). 

These variations in the efifect of the substratum on the 
development and reproduction of the parasites assist us to 
understand the well-known resistance of certain varieties and 
species against epidemic diseases, which are sweeping off their 
near allies. Thus, we know that some varieties of cereals suffer 
from ftttacks of rust-fungi more than others grown under like 
conditions. Similarly* amongst the varieties of vine some are 
known to be more sensitive to disease than others. These 
points will be more fully discussed in a subsequent chapter. 



CHAPTER IV. 

NATURAL AND ARTIFICIAL INFECTION. 

§ 1 0. In artificial infection we have a safe mode of distinguishing 
whether a fungus is parasitic or not ; in other words, whether 
it is capable of penetrating into the organs of living plants. 
This method of investigation should always be resorted to in 
determining the cause of disease, more e8i>ecially if mycelium 
or sporocarps of several fungi are present on the diseased 
material simultaneously. For it not unfrequently happens that 
the disease has made so much progress as to make it (juile 
impossible to determine whether or not any fungi present on 
the dead remains are really the cause of disease. In many 
cases where one finds a mycelium in living parts, it has 
disappeared, and only sporocarps remain in portions already 
kill^. 

Injuries due to insects frequently accompany fungi on a 
diseased plant, so that it is extremely difficult to say which was 
the primary cause of the damage, and artificial infection must 
be resorted to. So also with injuries from some external source 
like drought, heat, cold, moisture, and mechanical causes. 
Fungi appear so soon after hurtful agents like these, that it 
becomes doubtful whether they are the cause of the death of 
the host, or the result of it. 

Minute observations in hUu of all the circumstances connected 
with the attack, combined with examination of numeixius speci- 
mens and comparison with neighbouring plants, enable one, 
after some experience, to say with a fair degree of certainty, 
whether the disease in question is of fungoid origin or not. 
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The exact proof, however, is best obtained by means of experi- 
mental infection. 

With many parasites the sporocarps are normally developed 
saprophytically on a dead substratum, so that if parasitism 
be suspected it can only be proved by infection. Thus the 
perithecia of Nectria cinnabarina develop only ' after the death 
of the plant-organ, which the fungus attacked when alive. The 
more complex reproductive organs of many fungi are developed 
only on dead remains of the host, while on living or dying 
parts one finds various forms of conidia of doubtful relation- 
ship. In many cases it has been possible, by means of artificial 
culture alone, or combined with artificial infection, to prove 
various forms of reproductive organs to be stages in the life 
of the same fungus. 

When a group of fungi contains both saprophytes and parasites, 
it is often necessary to determine whether some species is para- 
sitic or purely saprophytic. This is particularly the case with the 
groups of Pyrenomycetes, Discomycetes, Hymenomycetes, several 
groups of the lower Fungi, the Bacteria, and Myxomycetes. It 
is unnecessary, however, with the Uredineae, Ustilagineae, Per- 
onosporeae, Exoasceae, and other groups known to contain 
parasites exclusively. 

But even in these last-mentioned groups experimental in- 
fection is necessary for obtaining information on other points. 
The reproductive organs of Uredineae cannot be reared in 
artificial solutions, so that their cultivation must be carried out 
on the living host-plant. In this way alone can we ascertain 
the relationship of uredospores, teleutospores, and aecidial-forms, 
where any doubt occurs as to their belonging to the same 
species. Infection becomes particularly valuable when one has 
to investigate heteroecious Uredineae, whose various forms of 
reproductive organs inhabit several host-plants. Thus it was 
by means of infection that De Bary discovered the connection of 
Aeddium berberidis on the barberry, and Fuccinia graminis on 
cereals ; likewise Hartig, the relationship of Melampsora Goep- 
pertiami on cowberry with Aeddium columnare on needles of 
silver fir. There still remain many aecidia, teleutospores, and 
uredospores, whose related forms have not yet been found. 

Infections are also necessary to determine the species of a 
fungus. It has been found, for example, that Gymnosporangium 
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confumm and G. sabinae may, in their aecidial stage, be dis- 
tinguished as two species inhabiting distinct hosts — Crataegus and 
Pgrm respectively — whereas, in their teleutoapore stage on juniper, 
they scarcely vary. In infection we have an important aid in 
determining the host-plants of the various forms of heteroeoious 
fungi, and in this way it has been found that the same fungus 
behaves differently according to the host-plant on which it 
is present. Thus, in the genus Oymnosporangium, I have found 
that a certain species had well-developed aecidia on one plant, 
poorly developed ones on another, while on a third only si^ermo- 
gonia appeared. Similarly, in that case already mentioned, 
Hartig found the Mdampsora of the aspen to prcxluce on the 
pine a disease of the cortex, accompanied by marked defonnation, 
while on the larch the symptoms were mere inconspicuous aecidia 
on the needles. 

Amongst the Ustilagineae, experimental infection is necessary 
to determine whether the natural infection of host- plants results 
from • germinating spores (chlamydospores), or from germinating 
conidia (siwridia). Kuhn was able by this means to demonstrate 
exactly that the spores of Ustilagineae produced germ-tuhes 
capable of direct infection. Brefeld succeeded in deserving the 
penetration of germinating 8}x>ridia into a host-jdant. In this 
way he proved, amongst other facts, that maize may U* attacked 
by Udilago maydis on any young part : also, that the mycelium 
remained local. Oats, on the other hand, could only Ih? infected 
by UstHago avenac at the neck of the young seedling, and the 
mycelium extended through the plant till it reached the inflor- 
escence, where the spores are formed. 

In the case of the Exoasceae, two points were cleared by the 
aid of artificial infection — the penetration of sjwres into leaves (if 
host-plants, and the prcxluction of witches’ lirooms. Sadebeck,^ 
by means of infections of Exoascus qnjghyUus on Alnns mama, has 
produced witches’ brooms artificially, thus proving that these 
malformations really originated from the mycelium of K^umtu'us. 

It is by infection-experiments that one detennines into which 
part of a host the germ-tubes penetrate, whether into leaf, flower, 
fruit, stem, or root, and also whether it passes through the 
epidermis, or between two adjacent epidermal cells, or through 

^ Krtlitcht. UfUer$uchunffen Uber d. dureh Taphrina ken orgehrachten Baum- 
krani/ifiten, 1S90. 
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the stomata. Also, whether the germ-tube formed from a 
germinating* spore penetrates direct, or if, as shown by De Bary 
for Sderotinia, a mycelium vigorous enough to penetrate must 
first be developed saprophytically. 

•In this connection De Bary ^ states that the germ-tubes from all aecidio- 
spores and uredospores only penetrate by stomata, and thence extend through 
the intercellular spaces. Entry through the stomata has also been observed 
on the germ-tubes from sporidia of Leptopucdnia dianth% and from spores of 
Entyloma. On the other hand, germ-tubes from the spores of teleutospores, 
from spores of Peronosporeae, LJstilagineae, Sderotinia, Polystigina, Pro- 
tomyces, and Synchytrium effect an entrance through the outer cell- walls into 
the epidermal cells or stomatal guard-cells. De Bary also describes the 
peculiar behaviour of zoospores of Cystopm and Peronospora umbelliferarwm., 
which, if they come to rest near a stoma, germinate, and the germ-tube 
enters therein, whereas one developed in water soon dies. Certain fungi 
penetrate sometimes through the membrane, sometimes by a stoma, e.g . — 
Phytophthora infeatans, Peronospora parasitica, Exohasidmm vaccinii. 

In the case of Phytophthora omiivora, Hartig found that the germ-tubes 
from the zoospores crept along the surface of the leaf till they reached a 
place where two epidermal cells adjoined ; there they entered, and only 
rarely grow into the epidermal cells. The germ-tubes of Protomyces macro- 
sporvs and Tuhnrcmia trientalis enter their hosts in the same way. 

From experiments, one is able to determine the conditions 
favourable, or otherwise, to infection by parasitic fungi; to ascertain 
the influence of temperature, air-moisture, water-content of the 
host, hairiness of the leaves, and the effect of resin or other 
excretions as protections to wounds. For example, it was in 
this way that Hartig found Salix pulchm {pndnosa x daphnoides) 
to be a hybrid which, on account of its hairy leaves, is more 
resistant to Mclampsom than Salix pmirwBa? Much investiga- 
tion remains yet to be done in this direction to ascertain what 
varieties or species of cultivated plants are likely to be least- 
liable to attack by epidemic diseases.^ 

The methods used in carrying out artificial infection are 
based on the observation of cases of natural infection. Most 
frequently infection is performed by means of spores, less often 
with mycelium. 

The spores of lower forms of fungi are generally distributed 
by means of water, especially in dew or rain. Zoospores are 

^ Morphology and Biology of the Fungi, English Edition, pp. 361-362. 

^ Hartig, Diseases of Trees, English Edition, 1894, p. 171. 

*See Chapter v. on “Disposition.” 
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completely adapted for distribution in water. Amongst the 
higher fungi, spore>distribution almost always takes place by means 
of wind. Insects as agents are rare, although one does occa- 
sionally find special adaptations intended to secure their visits. 
The spores of many fungi are forcibly ejected from the sporo- 
carps, asci, or sporangia ; some of the many arrangements which 
ensure this will be given in the special part of this book, others 
will be found in the works of Zopf,^ and De Bary.* Ludwig, 
in his text-book,* points out that the spores of many Ustila- 
gineae frequenting entomophilous flowers, are provided with 
ridges and spines, which are probably an adaptation to their 
transportation by insects; smooth-coated spores are more common 
on leaves, stems, and organs other than the flower, and are 
evidently distributed by the agency of wind. 

The mode of distribution and infection is quite apparent in 
many fungi. Thus in the oat-smut {Uafilago arniac), the 
diseased ears in a field rise above the sound, so that the light 
dusty spores are shaken out in clouds by the slightest wind ; 
they hibernate on the earth or on straw, and genninate in 
spring to infect the oat-seedlings at the luise of the stem. 
Equally simple is the distribution of spcires and conidia from 
one plant to another by wind during summer, (Jood examples 
of this mode are the conidia of the Erjsipheae, and the 
aecidiospores and uredospores of the Uredineae. Tlius, the 
yellow six)re8 of Ckiysomyrn rhododcn/lri, when the aecidia are 
present in very laige numbers on the needles of spruce, 
may cause the phenomenon known as “sulphur-rain.” It is 
well known that this is generally due to the yellow jxjllen of 
conifers caught and carried to the ground in showei's of rain, 
but R. Hartig describes a case observed by him near Achen-see 
(Tyrol), where objects were covered by a yellow dust, consisting 
exclusively of spores of Chryrnmyra. Spores of this kind are 
capable of transjK)rt to very great distances, so that heteroecious 
species can still keep up their connection even though by no 
means near each other. 

Aecidiospores of all kinds are distributed more by wind than 
by insects. In rare cases, however, the aecidia have a .sweet floral 

*Zopf, ZWe PU^e, l«IO. p. S49. 

*De Bary, Morphology and Biology c/ the Fungit Knglii^ Edition, 1887. 

*Lehrbueh d. nitdertn Kryptogamen, e.g. p. 370. 
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odour, e>.g. Aec. odoratum in America. The wind we must also 
regard as the distributor of uredospores and of the sporidia of 
germinating teleutospores. The Uredineae have typical spores 
for distribution by wind with the exception of the so-called 
spermogonia. These structures are produced by most Uredineae, 
generally on the upper surface of the leaf and before the aecidia; 
they are brightly coloured, and give out spermatia in a sticky 
gelatinous slime, frequently with a distinct odour. Thus they 
seem to be admirably adapted to transport by insects, and are 
in fact visited by them. Their distribution, however, has little 
importance, since they are, as far as known, incapable of 
germination. They are regarded by many as degenerate forms, 
either of male sexual organs, or of pycnidia. Some of the 
spermatia have been made to germinate in artificial culture, 
but of their incapacity to germinate in natural surroundings 
there can be no doubt. I am not aware of any one who 
has succeeded in bringing about infection with these spermatia, 
but I have tried it often with no result. 

It is much more difficult to ascertain how fungi, which 
hibernate on the earth, find their way in spring to their 
respective host-plants, in some cases even to the crown of very 
large trees. Amongst such forms one frequently finds an 
arrangement by which the spores are forcibly ejaculated. Thus 
Bhytisma acerinum, which reaches maturity only in spring after 
hibernating on dead sycamore leaves, and Sclerotinia betulae, 
which does so on fallen fruits of birch, both have their spores 
forcibly ejaculated and carried off by wind. Klebahn states 
that the ejaculation takes place in dry weather, and that the 
spores of Bhytisma are prevented from drying up by a gela- 
tinous covering. In a similar manner the hibernating spores of 
Erysipheae on fallen leaves must be carried up again by wind ; 
so also those of Polystigma, which ripen on the ground and then 
infect young leaves of plum and cherry trees. 

Infection by means of the mycelium generally occurs where 
the mycelium lives in the earth. Thus, the hyphae of Trametes 
radiciperda grow rapidly from one root to another, causing a 
centrifugal spreading of the fungus, so that forests attacked by 
it have the trees killed off in patches. Mycelial infection is still 
more effective in fungi like Agaricus mdleus which assume the 
form of rhizomorphs. Infection by means of the mycelium may 
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also occur amoogst species of fungi living above ground. Thus 
the mycelium of Botrytis spreads from plant to plant, and on seed- 
lings in hot-beds, may form felted masses. Similarly the mycelia 
of Erysipheae, of Trickosphmrm, and of Hcrpotrichia make their 
way from one part of a plant to a neighbouring part in contact. 

Artificial infection may be carried out by means of spores 
or by mycelium. In the case of swarm-spores, the operation 
can only be conducted in a damp chamber and on well- 
moistened leaves. Thus, young plants of beech must be well 
sprayed, then infected with conidia of Phytofhthora omnivora, 
and placed under a bell-jar to prevent drying up. In this and 
many other similar cases one finds that while the spores require 
moisture to ensure germination, yet the germ-tubes easily leave 
the water-drops and penetrate into the leaves ; in other words, 
the living leaf exerts a greater influence on them than the water, 
the chemotropic stimulus is stronger than the hydrotropic. 

The spores of the lower fungi are best isolated by the aid 
of a lens or microscope, then washed on to the phice to be 
infected. In the case of Ustilagineae and I’redineae the same 
method is used, except that dry powdery fonns of sjiore are 
simply dustcfl on to the host-plant to be infected When spores 
of Ustilagineae are being used the addition of excrement of 
some sort is frequently of advantage, since it promotes lietter 
germination aiul the formation of conidia capable of infection 
after it is exhausted. One must also j>ay attention to the fact 
that some smut-spores can only infect the base of the stem or 
parts in process of elongation, while others can only attack 
parts of the flowers. The teleutospores of the Uredineae must 
first be germinated in order to obtain the s])oridia with which 
infection is carried out ; this generally takes place in water. 
Thus with species of GymnoHjKtranyium it will be found best to 
mix the whole gelatinous mass of teleutospores with a little 
water in a shallow glass dish, and to ascertain, by microscopic 
investigation after a few hours, whether any sporidia have been 
produced. If this be the case, the gelatinous mass is thoroughly 
broken up, more water added, and the yellowish water sprinkled 
over the host-plant. Care must, however, be taken that the 
larger portions of the teleutospore-mass are not left on the 
leaves, otherwise death of the latter will ocxur at these places 
without infection taking place. For a similar reason it is not 
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advisable to lay portions of diseased leaves directly on healthy 
ones, it is much better to place them near each other in a 
moist chamber, hanging the former over the latter. 

When infection is carried on out-of-doors, it is best to obtain 
a small plant which can be accommodated under a bell-jar. If 
this be unattainable, it is often possible to bend one of the lower 
branches down to the ground or other support, so that it can be 
covered with a bell-jar. Again, a branch or portion of it may be 
first sprinkled, then bound loosely up in a parchment-paper. 
When carrying on infection it is of importance to avoid very 
hot and dry or cold days ; moist, warm and cloudy days, or close 
still nights, will be found best. In the case of diseases of the 
rind, it is generally necessary to wound the periderm by a few 
fine knife-cuts, then to place thereon a few drops of water with 
infecting spores suspended in it. 

Artificial infection by means of mycelium is generally 
attained by placing a diseased portion containing living my- 
celium in contact with the healthy, so that the mycelium can 
grow from the one to the other. Thus, with bark-diseases, a 
small portion of diseased rind is cut out and fitted into a 
corresponding incision in the rind of the plant to be infected, 
the oculation or graft being then protected against drying up by 
gutta-percha, tree-wax, or parchment. The ingrafted portion 
need not fit very accurately if well bound up, because the 
mycelium will grow well in the moist chamber so formed. The 
most vigorous mycelium is generally found on the boundary be- 
tween healthy and diseased parts, so that portions from this 
region should be selected for infection. 

If the fungus under investigation frequents the wood, it is, as 
a rule, a wound-parasite, so that for its infection the wood must 
be laid bare, and a diseased portion applied to it. If a branch is 
to be infected {e.g. with J^ectria, or CucurUtaria), then it should 
be cut over a bud, the exposed end split, and a fine wedge of 
diseased wood inserted, the whole being bound up. It is also 
^ possible to graft a diseased branch on to a healthy. In the 
case of stems, a portion of the healthy one should be removed, a 
diseased piece inserted, and the wound closed over with grafting- 
wax or clay. Pressler’s growth-borer may in such cases be 
^ used with good results to obtain a cylinder of diseased wood, 
and to make a suitable receptacle for it in the sound plant. 



CHAPTER V. 

DISPOSITION OF PLANTS TO DISEASE. 

§ 11. We must here distinguish between an internal or 
inherent disposition dependent on the constitution of the living 
protoplasm of the host>cells, and an external or accidental dis- 
position arising from anatomical j>eculiaritie8 or from the con- 
ditions of enWronment, 

The condition of inherent disposition has as yet l>een little 
investigated. In many cases it must be allowed that resting 
cells are more disposed to disease than those in full activity 
of life. Thus l)e Bary,^ basing his conclusions on the obsen ations 
of Davaine and Brefeld, points out that various species of ifwmr, 
PenicUlivm, and allied forms penetraW into ripe juicy fruits, 
and remarks: “Observation of the fruits shows that the fungi 
develop more easily, the nearer the vital jiowers of the plants 
attacked are to their lower limit, and at this point the conditions 
of saprophytic vegetation make their appearance." ^ Davaine 
also found that the vegetative organs of several succulent plants 
show the same phenomena as the fruits. As further examples 
may be mentioned tliat fungi can frequently penetrate withering 
plant-organs while they could not iiifect the fresh living tissue. 
Hartig observed on Peziza Willkmnmii that th® mycelium of this 
bark-parasite advanced and killed the tissues only while the host- 
cells were in a condition of vegetative rest, not during their 
active period. 

1 Morphology and Biology qftht Fungi, EiigUib Kditiim, p. 8S0. 

• Wehmer {BtkirUgt 2. Kennt. unKtimutchtr PUu, Jena, bM oontribaUxl 
new fact* to this subject, which are referred to later. 
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Hartig^ also found that Agaricus mellem, in penetrating into 
stools of oak, only killed those cells which, as it were, rested, 
whereas the cells of parts in communication with stool-shoots 
are not attacked. Likewise, Schwarz states that the mycelium 
of Cenangium ahietis only extends through pine-shoots at a time 
when there is little vegetative activity. 

Accidental disposition depends largely on the nature of the 
epidermis enclosing plant-organs. The stems of many plants are 
protected from intruding fungi from the time the epidermis is 
replaced by a corky layer, still better after a bark is formed. 
Hence young shoots are in a condition of greater disposition 
than older ones. There are, however, various grades of dis- 
position to be observed, even when a simple epidermis forms 
the only covering, as is the case with most leaves, jBowers, and 
many fruits. The newly-formed epidermis is, as a rule, most 
disposed while its walls are still delicate and uncuticularized, 
hence many organs are exposed to attacks of fungi only in their 
youngest condition. It is easy to infect and kill young leaves, 
and shoots of conifers with Botrytis Bovglasii, whereas older 
needles will remain quite unharmed. Similarly with Chrysomym 
rhododendri on spruce-needles, Calyptospora Goeppertiana on 
silver fir, and others. Flowers are also more easily infected 
in the young stage, e.g. cones of spruce by Aecidhm strobilinum. 

During early youth plants are insufiBciently protected from 
great cold and drought, and also from infection by parasitic 
fungi. This may be because the young non-cuticularized walls 
offer less resistance to the germ-tubes and haustoria, or because 
they are more permeable to any ferment excreted by the fungus. 
Organs developed late in the vegetative season resemble those 
in the spring-condition in that they have not as yet matured, 
and are but poorly protected against extremes of temperature, 
or attacks of parasites. 

The condition of disposition may be easily promoted for 
purposes of artificial infection, by cultivating the host-plants in 
a moist chamber, or under a bell-jar. The same condition 
may easily arise in glass houses or hot-beds, hence one has, by 
means of constant ventilation, to guard against it. 

Many diseases of seedlings (e.g. Phytophthora omnivora, 
and Pythium) are only to be feared so long as the stems of 
^ Forstl.-naturwifts. Zeitschrift, 1894. 
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their hosW are unprotected by cork-formation. Plant-organs 
nchr in water are in a condition which disposes them to attack, 
much more than drier parts. The younger parts of any plant 
are more disposed than older parts. Thus in a spruce-hedge 
with young shoots appearing at different times, only those 
shoots will be liable to attack, which are young at the time 
of the scattering of the spores of Ckryacmym ahieti% or other 
spruce-fungus. De Bary was of opinion that plants of Cap»ella 
were disposed to attacks of Cyi^pu,^ candidm, only as long as 
they retained their cotyledons, because only those spores ger- 
minating on the cotyledons form a mycelium which ultimately 
finds its way through the plant, whereas })lants which had 
already lost their cotyledons at the time of infection were 
in no danger. Many of the Ustilagiueae attack cereals only 
when these have just emerged from the soil, infecting the 
young stems on the firet sheath-leaf, whereas older and more 
advanced individuals are exempt. While all plants with a 
delicate epidermis or corky layer ai-e liable to disease, yet some 
are more so than others. This is exempliHed by the difi'erent 
powers of resistance to <liseaHe, or insect attacks exhibited by 
nearly allied forms of our cultivated plants, r//. vines ; a differ- 
ence probably due to some variation in their outer membranes, 
such as is further demonstrated by thick-skinned potatoes l»eing 
more resisUint to diseiise than thin-skinned. 

Disposition is often due to external cireumstauce-s. These, 
however, act rather in presenting favourable opportimitie.s for 
infection by genninating spores, than by directly dispfjsiug the 
plant to diseiiae. Thus prolonged wetting of a leaf from rain 
favours germination of s{>ore8, and at the same time by softening 
the leaf, facilitates |>eiietratioii of the germ-tul)e8. Stahl * has 
pointed out that leaves on which water remains for any length 
of time, present greater op|xjrtunity for growth of saprophytic 
epiphytes or for infecjtion by parasites, than leaves with a 
smooth surface or of a shajK; which facilitates reatly escape of 
water from their surface. It is also well known that larches 
in damp situations suffer more from Pexim WiUlmmmii than 
those in drier places, the fungus-spores maturing and germinat- 
ing only in moist air. Similarly, moist weather or damp 

> ^‘Regeofall u. Blattaestalt,” Ann, dn Jardin hoUm, dtt Buittnwrg, xi., 1993, 
p, 124. 
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situations favour reproduction of mildew and other diseases; 
under such conditions a rapid increase of potato-disease during 
July is easily observable and may be safely foretold. 

The extension of Herpotrkhia is greatly facilitated by snow, 
which weighs down young plants or branches of spruce and 
pins them to the soil, where the fungus develops on its host 
under the snow-covering. On this account elevated situations 
and hole-planting render the spruce liable to disease. 

Many plants which, as a rule, suffer from fungus-diseases 
will be found to remain exempt in open or dry situations, or 
during a dry period. The tops of trees are not attacked by 
many fungi which frequent the lower parts of the crown. This 
is particularly the case with epiphytic lichens and certain fungi, 
which require a high degree of air-moisture. Trichosphaeria 
parasitica, always very abundant in damp silver fir regenerations, 
is almost absent from free-standing trees, or from the higher 
parts of the crown in closed forest. It is, in fact, a parasite 
well adapted for extension in the crowded masses natural to 
the early growth of the fir, and the host is, during its youth, 
disposed to disease from this particular parasite. A fungus on 
the beech behaves similarly, occurring in Bavaria only in the 
very damp parts of close high forest and in Alpine gorges. 
Other fungi have better means of protection against drought, 
for example, Hysterium macrosporinm has its spores enclosed in 
gelatinous envelopes and may be found on the highest point of 
the spruce, although, on the whole, its distribution is most 
favoured by moisture. Fungi which frequent algae, or are dis- 
tributed by means of zoospores, depend absolutely on moisture ; 
hence they frequent hosts growing on banks of streams, places 
liable to flooding, or low-lying moist meadows, whereas the same 
;fcost-species remains completely exempt from their attacks in a 
'dry locality. 

A plant may be said to be in a condition of abnormal 
’isposition to disease when deprived of its natural protection, 
ifnia wounds of any kind render a plant disposed to infection 
om wound-parasites, which are unable to harm uninjured parts, 
‘fter severe hail-storms an outbreak of N’ectria ditissima is not 
•ifrHouent amongst regenerated beech, or even in the canopy 
" older forest. I have also observed an extensive outbreak of 
■'"ciirhitaria lahumi on laburnum near Munich, obviously due 
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to hail Juicy fruits whose epidermis has beoome broken, soon 
unless a protecting layer of wound-cork is rapidly formed. 
Wounds in the wood present an entrance-gate to numerous 
Poiyporeae, otherwise unable to penetrate. In the case of 
wounds to the wood of spruce or young branches of pine, a 
protecting crust is frequently formed by the rapid excretion 
of resin from the injured surface.^ 

The disposition of a host-plant depends then on some iniierent 
condition of the protoplasm or on some accidental circumstance. 
The latter may be anatomical and due, for example, to thickness 
or other property of the cuticle, or to a hair-covering ; it may 
be morphological, from some defect, say on the part of the leaf 
in not allowing easy escape of water. The disposition may be 
periodic (c.^. in youth or at flowering), or it may be permanent. 
It may be generic, or confined to some particular variety or 
species, or it may be individual. It may be normal or abnormal 
The practical lesson of this chapter has been that we should 
cultivate our plants so as to avoid the conditions which dis- 
pose them to disease, and that we should rear and cultivate 
these kinds least liable to injury from disease. The considera- 
tion of these points forms the subject of our next chapter. 

^ Resin h in itself not antiseptic, and in the &uid condition inside plants 
affords no barrier to iungus-hTphae of PernUrmwn pint and AVr/ri« rucurbUula , 
the hardened crust on a wounded surface serves, however, to keep off spores 
from the plant tissues, and pre\ents the penetration of germ-tubes 



CHAPTER VI. 

PREVENTIVE AND COMBATIVE MEASURES. 

§ 12. Measures are known for the prevention and cure of many 
fungoid diseases of plants of agricultural, sylvicultural or horti- 
cultural interest These have been deduced from the biology of 
the parasite and its relation to its host, and have been used 
practically with more or less success. In a large number of 
cases, however, little advice can be given, because as yet the 
cause of many diseases is obscure, while for others suitable 
reagents for cure have not been found. Many of the methods 
known are impracticable from the cost entailed in carrying 
them out. Others, directed against some widespread disease, 
fail from lack of organized co-operation, the efforts of a few 
individual cultivators here and there making but little headway 
against the disease, so long as the patches of crop under treat- 
ment are subject to fresh invasion from untreated places. It is 
desirable on this account that the combating of diseases of our 
cultivated plants should be conducted under some kind of state 
supervision. 

The first step towards combating the more destructive diseases 
of plants is the spread of knowledge concerning them, and the 
remedies available against them. In Bavaria and other German 
states this is done for the diseases of sylvicultural importance by 
regular courses of instruction in plant-pathology in the forestry 
schools. In the same way it would also be advisable to give 
similar instruction in agricultural schools, dnd also to make it a 
subject for examination. Another important step- consists in the 
establishment of experimental stations where investigations in 
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plant-pathology may be carried ont^ while at the a$me time the 
cultivator could have Advice with regard to the nature of any 
disease and Its treatment. Another system for the supply of 
iilformation is to be found in collections of specimens of plant- 
diseases arranged for easy reference in places accessible to the 
public. 

State supervision over crops^ under cultivation is also desirable 
with a* view to collect and distribute information concerning 
prevalent crop-diseases. The eame agency could also arrange 
and, if need be, enforce a general and simultaneous treatment of 
widespi^ epidemics, where proved methods were known and 
advisable. Such regulations for supervising and comlmting a 
plant-disease are already universally apjdied against the Phyl- 
loxera. Similarly in Germany and other countries official 
notice is annually given for extermination of mistletoe ( Visam 
alhum) on fruit-trees, and in l*russia the combating of Gnommia 
erythrostoma is carried out by order of the police authorities. 
The tar-ringing of trees as a preventive against attacks of pine 
moth {Gastropacha pint), is regularly enforced everywhere in 
forest-countries, and with the best result. In a similar manner, 
in most countries, this and other forest pests are suptTvised by 
the penal code, and combated with success. 

By arrangements of this kind it is possible to keep certain 
diseases cotnpletely in check. Thus, as a result of regular in- 
spection and the timely use of tar-rings, a dangenms outbreak of 
pine moth is well-nigh impossible. Again, the universal steriliza- 
tion of the seed-com of cereals before sowing has done much to 
extenninate smut-diseases. In the case of the Dodder-disease, 
much can be done for its prevention by the careful purification 
of clover seed. 

We shall consider the methods for combating parasitic fungi 
under the following heads : 

1. Methods for extenniimion and removal of the ])arasitic 
fungi alone. 

(1) Killing of fungi attached to seed through sterilization by 
means of hot water or copper steep-mixtures. 

(2) Combating leaf-frequenting fungi by dusting or spraying 
with mixtures containing sulphur or copper. 

(i) Excision and extermination of the sporophores of Polyporeae 
and Agaricini on orchard or garden trees. 
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(4) Removal and destruction of dead parts of plants carrying 
sporocarpi or other hibernating stages of any fungus. 

II. Methods for combating fungi tjy removal of diseased 
^plants or plant-organs. 

(1) Removal of the parts of a host-plant harbouring fungi. 

(2) Removal of the whole or part of a complementary host 
of a heteroecious fungus, for the purpose of saving the other 
host or hosts. 

III. The avoidance or removal of conditions which favour 
infection. 

(1) Preventive measures against wound infection; antiseptic 
and aseptic wound-treatment. 

(2) Avoidance of localities favourable to diseasa 

(3) Avoidance of the massing together of plants of the same 
Species and like age; rotation of crops on the same cultivated 
area. 

(4) Avoidance of neighbourhood of those plants which are- 
hosts of the same heteroecious fungus. 

. IV. Selection and cultivation of varieties and species of 
cultivated plants least liable to the attacks of parasites. 

I. Extermination and removal of the parasitic fungi alone. 

(1) That the seed be clean and free from the spores of 
'parasitic fungi, is a most essential condition. The purity of 
seed is investigated in seed-control stations,^ where special 
attention is paid to purity of seeds clover, from its 

liability to contain seeds of the parasitic Dodder), and to their 
freedom from spores of smut or other fungi. 

As a preventive against smut, especially those forms due 
to species of Ustilagineae, sterilization of the seed is adopted, ^ 
This is chiefly carried out by the use of steeps,” which kill 
the smut-spores adherent to the seed. The composition of the 
jsteep-liquid, and the duration of immersion are the points to be 
l^ttended to, and for these various recipes are extant. Recently 

^ ^State-aided stations of this kind are fairly numerous in Germany, France, 
and other continental countries, also in America. It is thus somewhat remark- 
Jkble that in Britain this important work receives no state recognition, but is 
|eft in the hands of more or less experienced analysts, or others. (Edit.) 

V “Swingle, W. F. “Grain-smuts and their prevention.” FearSooI? q/* 
17. 5. Dtpi. of Agriculture, 1894. A very useful summary. (Edit.) 
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it has been pointed out that the different species of Ustilago 
have different powers of resistance* and must be treated 
accordingly. It ’’has been found from experience that when 
trustworthy and tested steeps are in general use in any neigh- 
bourhood, the diseases of crops caused by Ustilagineae gradually 
disappear. This is due to the fact that the smut-fungi frequent 
principally the cultivated cereals, while they are comparatively 
rare on the wild grasses from which, as in the case of “ rusts,” 
they might make their way to the cultivated forms. 

Sterilization hy Sulphate. 

The “ steep ” which is in most general use is that first recom- 
mended by Kuhn^ in 1858. It consists of a | per cent 
solution of copper sulphate prepared as follows: 1 lb. crushed 
commercial sulphate of copper (blue vitriol or bluestone) is 
dissolved in hot water and added to 22 gallons of water. The 
seed is poured into the “steep” and allowed to stand covered 
with the liquid for a night (twelve to sixteen hours). The 
seed is then taken out and allowed to drip. An improvement 
on this method consists in running off the copper sulphate 
liquor and adding milk of lime (prepared by soaking 1 lb. 
good lime in 4 gallons of water), after stirring for about five 
minutes, again run off the liquor and allow the grain to drip. 

If sown by hand the seed may be used in a few hours, if 
by machine it must dry for twenty-four hours. 

Sterilization hy Hot Water. 

Jensen’s method for treatment of seed-grain by hot water, 
consists in placing the seed for a certain time in water at a 
temperature which does not injure the grain, but is sufficient to 
kill any adherent smut-spores. This takes place in five minutes 
in water at 132° F. (55° C.), but the germinating power of 
the grain will not be injured though it remains a quarter of 
an hour. The immersion is carried out by placing the seed in 
a vessel easily permeable by water; a bushel basket lined with 
coarse canvas serves very well. A convenient quantity of seed 

^Julius Kahn, Die- Krankheiten d. Ktdturgewachse, 1858, p. 86. Numerous 
articles on this subject have from time to time appeared in the agricultural 
Journals and Bulletins. 
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to handle in such a basket would be a full half- bushel. The 
hot water is best contained in two large boilers, the first at a 
moderate temperature, serving to wet the grain somewhat and 
to prevent cooling of the water of the second boiler, which 
must be maintained between 130" F. to 134° F. A lower 
temperature will not ensure death of all spores, a higher will 
injure the grain. The grain is immersed a few minutes in the 
first boiler, then placed in the second for fifteen minutes, being 
meanwhile frequently shaken to ensure complete sterilization. 
Next the basket and its contents are cooled in cold water and 
the grain spread out to dry.^ 

The important point in the application of these methods is 
their general and simultaneous use throughout a whole district. 

For smut-diseases the removal of diseased plants is at the 
same time a preventive and a combative measure. This is 
not difficult where the plant is large or the disease conspicuous, 
as with the maize-smut ; the diseased plants can then be re- 
moved and burnt before the smut-spores are shed. If the smut 
is not very prevalent it is possible to keep it in check by 
removal of diseased specimens on such crops as maize, barley, 
wheat, and oats. This treatment can also be applied to some 
garden-smuts like that on violets. 

Brefeld recommends as a preventive measure the avoidance 
of the use of fresh farmyard manure. Smut-spores from in- 
fected hay or straw, which finds its way to the manure heap, 
germinate there and multiply yeast-like giving rise to conidia, 
which, on exhaustion of nutrition, give rise to germ-tubes 
-capable of infecting seedling plants. The spores are capable of 
germination even after being eaten with the fodder and passing 
through the digestive canal of animals. In this connection 
Professor Wollny carried out the following experiment at my 
instigation : three fields situated at some distance from each 
other were sown with maize, which I had mixed with living 
■spores of Ustilago maydis collected the previous autumn. One 
field was left unmanured, the second received old farmyard 
manure, the third fresh. All plants in the first plot grew up 
healthy, two of the second were diseased, and eleven of the 
third. The summer being a dry one the number of diseased 

^In the literature issued from the United States Experimental Stations 
•other '* steeps” are given, with results. (Edit.) 
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plants was smaller than usual. The immunity from smut with 
old manure is probably explicable on the assumption that in 
it the kind df nutriment suitable for the smut-conidia is ex- 
hausted, so that any spores, which may sprout, die off. 

It must, however, be here observed that the spores of some 
species of smut-fungi {e.g. Tilletia, the stinking brand of wheat) 
do not germinate directly in manure, but do so in water easily. 
The spores of most smuts are adapted to a long winter rest. 

(2) Other diseases are fought and prevented fi*oni spreading 
by the direct extermination of the fungus or its reproductive 
organs while in full activity on the growing host-plant. For 
this purpose Fungicides are used, either as powders or solutions 
applied to diseased plants. These reagents are employed with 
most success against epiphytic fungi, where the mycelium is 
fully exposed on the surface of the host. 

The Erysipheae are generally treated in this manner, especially 
the powdery mildew of the vine {Oidiwn Tuckeri or Uminula 
spiralis). This vine.-parasite is combated by dusting* from time 
to time with dry powdered sulphur or flowers of sulphur. The 
sulphur may be simply shaken from a tin with perforated lid, 
or it may be blown on by a sprayer provided with a bellows, 
or dusted on by a sulphur-brush, consisting of a hollow handle 
filled with sulphur which distributes the powder through fine 
perforations in its end to a tassel of fine bristles. In a similar 
manner may be treated the powdery mildews of hop, rose, 
peach, apricot, apples, etc., caused by Erysipheae. 

Fungicides are also used against fungi with endophytic 
inycelia. The Peronosporeae cause injury to quite a large 
number of cultivated plants, and many methods of treatment 
have been employed against them. The mycelium lives inside 
the host-plant, especially in its leaves, and only the conidiophores 
make their appearance externally. Dusting with sulphur or 
spraying with preparations of copper has on this account little 
effect on the mycelium, but will kill the conidiophores, while 
any conidia or oospores, which may alight on the leaves, will 
be prevented from germinating. The most general forms of 
fungicides are various preparations of copper, of which the 
following are some of the more important : ^ 

’ Considerable liberty has been taken here with the original. The author’a 
account has been extended with the assistance of the Journal of Mycology and 
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Bordeaux Mixture or Bouillie-Bordelaise, a 2 to 4 per cent, 
solution of copper sulphate and lime. It is prepared by dis- 
solving 6 lbs. of copper sulphate in warm water, and placing 
this mixture in a barrel capable of holding about 44 gallons ; 
in another vessel slake 4 lbs. of fresh- burnt lime, and make it 
up to a creamy whitewash with water ; strain the lime through 
coarse canvas into the barrel of copper sulphate solution, fill 
up with water, stir thoroughly, and the mixture is ready for 
use. This mixture may be used either more concentrated, or 
somewhat diluted. 

Ammoniacal Solution of Copper Carbonate. This may be 
prepared directly by dissolving 5 oz, of copper carbonate in 

enough water to form a thick paste ; dissolve this paste in 

three pints of strong aqua ammonia (or as much as may be 
necessary to effect complete solution) then dilute to 45 gallons. 
If copper carbonate cannot be obtained, make it by mixing (a) 
3 lbs. of copper sulphate in 2 gallons of hot water, (b) lbs. 
washing soda in 1 gallon hot water ; mix (^i) and (b), add 

water up to 1 0 gallons, stir up, and allow to settle ; pour off 
the clear liquid, fill up again with water and allow to settle; 
ou again pouring off the clear water a greenish sediment of 

copper carbonate remains. This dissolved in as much aqua 
ammonia as necessary, may be kept till required when it is to 
be diluted at the rate of 1 pint to 2 gallons of water. 

Eau Celeste. Dissolve 2 lbs. of copper sulphate in about 
8 gallons of water ; when completely dissolved add 3 pints of 
strong aqua ammonia and dilute to 45 gallons. This may be 
used in a modified form. 

Fungicides like these are used chiefly against attacks of vine 
mildew (Fcronosjwra viticoln), potato disease {Phytophthora in- 
festans) and Peronosporeae generally ; also for numerous other 
leaf-diseases caused by various fungi. What the results of any 
given experiment may be, is as yet difficult to say till more is 
known of the effects of the reagents, the strength of the mix- 
ture to be used, the kind of plant and its stage of development, 
and other factors dependent on climate. The efficacy of a 
fungicide lies less in its effects on the fungi actually present 

other American literature, not the least important being “ Bordeaux Mixture as 
a Fungicide,” by D. C. Fairchild ; U.S. Ainer. Bulletin, No. 6, 1894. In this 
connection reference may also be made to E. U. Lodemann’s account of the 
“Spraying of Plants” (Macmillan, 1896). (Edit.) 
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and causing disease, than on its capacity to kill spores which 
light on the- leaf, or to prevent their development to a dangerous 
extent. On this account crops liable to attack should be dusted 
or sprayed in early spring, and at intervals thereafter as long 
as there is any risk of disease. Used in this way, fungicides 
soon repay themselves in increased yield of healthy produce ; 
on the one hand, they hinder the development of the fungus, 
on the other hand, they act like antiseptic wound-treatment in 
preventing infection. What part the copper compounds play 
is as yet not completely established ; Rumm ^ considers that 
they are not actually absorbed by the plant, but only give rise 
to some electrical effect. 

The advantage to be gained from the use of fungicides may 
be greatly increased if all diseased plants or portions of them 
be removed before the remedy is applied. Precautions must 
also be taken against reappearance of the disease. In the case 
of infected foicing boxes, frames, or glass-houses, disinfection 
by some of the above fungicides is certainly advisable. Leaves 
on other plant-remains containing resting-spores of the fungus 
should be burnt, and soil containing diseased material should 
be watered with a fungicidal solution which will kill the tungus 
while it does no harm to the leaves or roots of plants. Finally 
a rotation of crops of as long a duration as possible will do 
much to keep epidemic fungoid diseases in check. 

(3) Frequently the ravages of a parasite can be considerably 
reduced, although not completely stopped, by destroying its 
reproductive organs. Methods of this kind are particularly 
useful in the case of the Polyporeae which inhabit the wood of 
many fruit-trees. The excision of the sporophores must be 
carried out once or twice a year, because the mycelium remains 
alive inside the stems and continually gives off new sporophores 
on the surface. The diseased tree lives on and produces fruit 
for many years, maybe till the wood of its stem becomes so 
much decayed that death ensues. Fungi of this family are 
even more destructive on those trees which are cultivated not 
for their fruit alone but also for timber, c.g. olive, sweet chest- 
nut, and hazel. 

(4) By the removal and destruction of dead plants or portions 
of plants containing reproductive or hibernating organs of para- 

^C. Rumm, Berichte d. deutsch. botan. Oes. 1893. 
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sites, much may be done to shorten the existence of a disease, 
and to prevent its reappearance in the following spring. 

Fungi which reach maturity on fallen leaves are easily com- 
bated in this way. Hartig gives a striking example of the 
success of this measure. In the English Garden, a large park 
in Munich, the leaves are carefully removed at frequent intervals 
as they fall, and utilized 'as stable-bedding; here Rhytisma 
acerinum, the black spot of the sycamore leaf, is hardly known, 
whereas in the park at Nymphenburg, and in other places 
round Munich, where the leaves are allowed to remain lying, 
the leaf-spot is very common. Rhytisma salicinum can be 
treated in the same way in osier- nurseries. In plum orchards 
Polystigma riibntm may be held completely in check by removal 
of fallen leaves. So also the numerous mildews (Erysipheae) 
of our cultivated plants. Cherry leaves killed by Gnomonia 
crythrostoma remain hanging on the trees, but the disease has 
almost disappeared since the practice of removing and destroying 
these was introduced in gardens, like those of the Altenland, 
once completely devastated by this parasite. 

The progress of the disease caused by Ncctria cinnaharina is 
reduced if the branches which die during the summer be at 
once removed and burnt before the red fructifying patches 
appear. It would also be advisable to burn in the autumn 
other dry brushwood, since it frequently contains Nectria and 
other wound-fungi, and if left over winter only serves as a 
nursery and source of infection for all neighbouring trees. In 
a similar way should be treated branches infected with sporo- 
carps of Ciccurhifaria Idhurni and such-like fungi. 

Immediate removal, burning, or burying of young trees 
attacked by Phytophthora omnivora is of advantage in prevent- 
ing the distribution of the fungus by conidia and swarm-spores 
during summer, its hibernation in dead tissues, and its continued 
distribution in the following spring. The hibernating oospores 
of many other lower fungi may be similarly got rid of by 
destruction of the plant-remains inhabited by them. 


II. Removal and destruction of diseased plants or portions of these. 

(1) The removal of symbiotic organs comes here particularly 
into notice. Amongst these are the “ witches’ brooms ” which 
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live for years on their host deriving nutriment from them ; 
they al^o ^ are detrimental to fhiit trees because they bear 
neither flower ©r fruit, and on some timber trees they so 
deform the steHk as to considerably reduce their value. The 
witches’ brooms of the cheny oi* the plum grow into large 
infertile bushes of striking appearance, so that they may be 
easily detected and removed in autumn or spring; those on 
hornbeam, birch, and alder are of less practical importance, 
but should be cut off wherever accessible. 

Great damage is caused by the witches’ broom (Aecidium 
elatinum) of the silver fir in producing canker spots which 
may in some cases attain gigantic dimensions and thereby 
much reduce the value of the timber, or maybe render it quite 
valueless. The cankered spots are, in addition, frequently attacked 
by wound-parasites, whereby the stem is weakened and breaks 
over at the canker, causing breaches in high forest, which can- 
not be refilled. The witches’ brooms should therefore, as far as 
accessible, be cut off while still young, and all cankered trees 
should be removed at the first thinning. 

The removal of twigs of plum bearing the so-called “ pocket- 
plums ” or “ fools ” is also to be recommended, because the my- 
celium of the fungi causing these hibernates in them. Kose-twigs 
affected by rose-mildew {SpJiaerothem pannosa) should also be cut 
away as soon as possible, before many plants have fallen victims. 
Portions thus removed are both worthless and dangerous, hence 
should be destroyed. So also all trees rotted by fungi should 
be removed from their healthy neighbours, and, if possible, 
burnt or buried, or otherwise rendered harmless. 

This forms a convenient place to consider generally the 
wood-destroying wound-parasites of our timber-producing 
plants. 

The wood-destroying wound-parasites belong chiefly to the 
families of the Polyporeae and Agaricini, and each possesses a 
mode of life and method of destroying its host, so similar to 
that of its relatives, that it is quite impossible to consider them 
separately in a practical way. They are enemies of our fruit 
orchards, our parks, and our forests, and the means to be em- 
ployed against them varies in the hands of the fruit-grower, the 
gardener, or the forester. 

Every fruit-tree, whether grown in a garden, an orchard, or 
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t)n a roadside as in some countries, Is an object of such value 
that, if need be, costly methods Can be employed on, its behalf. 
Its branches must be kept free of all intruders like the- 
mistletoe, witches’ brooms, mosses and lichens, and above all, 
from the sporophores which indicate the presence of a wood- 
destroying fungus. This is all the more easy because the trees 
are frequently closely examined for pruning, for crop, or for 
insect attacks. The sporophores of fungi on stems and branches 
should, as already indicated, be early and carefully cut out, the 
wound scraped and tarred over.^ In this way the fungus will 
be deprived of its sporophores and the safety of other trees 
ensured, although it must be remembered that the mycelium 
still continues to destroy the wood and probably to produce 
new sporophores. If the sporophores appear on weak branches, 
these would best be completely cut off and the cut end tarred 
over. Trees although diseased and requiring annually to have 
sporophores cut out should still be spared, as they often continue 
to live and yield heavily for years. Amongst the sporophores 
which appear frequently on fruit-trees are those of Polyporm 
igninriiis, P. f'ldvm, P. hi&pidm, P. snlphurciis, P. squamustis, 
P. spimcas, Hydnu'ni Schiedcrmayri, and others to be more closely 
considered in the special part of this work. 

Particular attention of this kind is of course more difficult 
for the park-gardener, because his trees are higher and stand 
closer together. The trees are, however, of less value individually 
than fruit-trees. It is advisable, as far as possible, to keep the 
trees clean, to tar all wounds and to remove poorly developed 
branches and stems. 

To the forester in high forest all this is, however, a matter 
of difficulty. The trees are high, the forest large, and the 
individual trees of a value which does not allow of costly 
labour being expended on them. Yet there is one fore^t 
operation in which a plantation may at small cost be easily 
cleared of diseased stems. This is the repeated process of 
thinning, during which all diseased and backward trees should 
be felled. In forests of high value with high-priced timber 
and near towns or centres of industry, this cleaning out is, of 
course, easy, but in remote forests with a small working staff, 

1 The Bpoi’ophoreB cannot be removed too young ; the wounds produced should 
be treated with tar ; see Section iii., p. 77. 
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deficient modes of conveyance, and a small demand for the 
thinned-out material, this may appear impracticable. I shall 
give one example how the number of “ fungus-sponges ” (as 
the sporophores are called) decrease with enclosure and intro- 
duction of proper forest-management.^ Bischoffsreut is a forest 
in Bavaria, near the Bohemian frontier, consisting of mixed 
spruce and fir up to four hundred years, and beech up to 
two hundred. Forty years ago the sporophores of Folyporus 
fomentarius, the tinder-fungus, were so numerous and large that 
for their collection for manufacture of caps, gloves, tinder, etc., 
a sum of one hundred gulden (£8 10s. Od.) was paid annually 
as rental. Ten years ago the same brought in a revenue of 
twelve shillings ; to-day it is free. In course of time the 
diseased stems have been gradually felled and less wood has 
been allowed to remain lying in the forest to decay : as a 
result the wood-destroying fungi have now but little foothold. 
A mixed damp virgin forest is especially favourable for the life 
and distribution of fungi of this kind.^ All fallen wood remains 
lying, while injuries from storm afford easy spots for infection. 
In Bischoffsreut eighteen per cent, of the felled heavy wood 
was at one time useless and rotten. 

(2) It is often possible to avert diseases of valuable cultivated 
plants caused by heteroecious fungi, by keeping the supplemen- 
tary host at a distance, or, if the disease has already broken 
out, to remove it altogether, with the view of keeping the 
more useful host free from the dreaded disease. 

The best example of this is presented by the heteroecious 
rust-fungus Gymnosporanginm sahinae. One host frequents 
Juniperus sdbina (savin), the other damages pear-trees, causing, 
in the case of a severe attack, considerable loss. It would thus 
be easy to exterminate pear-rust by removing the not very 
decorati\^e savin-bush. Particularly in nurseries, it would be 
well to avoid placing pear-trees near the savin, an arrangement 
veiy suitable for cultivating the Gymmsporangium. 

As another example we may take Melampsora tremulae 
frequenting the aspen, the supplementary host of {a) Caeoma 
pinUorquum (the pine twister), and (b) Caeoma lands (larch 

^v. Tubeuf, “Mittheilung Ub. einige Feinde d. Waldes.” Alleg, Fornt.-u. 
Jagdzeitung, 1887. 

*v. Tubeuf, “ Vegetation sbilder, aus d. boehmi^hen Urwalde.” Oederreichf 
Foratzeitung, 1890, p. 108 ; with six figures. 
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needle-rust). The exclusion of the aspen from the neighbour- 
hood of pine plantations is advisable as a means of limiting 
the pine -disease, and is now being recommended in forestry. 

Still another example is Pucdnia graminis the rust of 
wheat and its Aecidmm on the barberry. This is, in all 
probability, able to reproduce itself by means of uredospores on 
wild grasses, and to retain its position without the barberry, yet 
the latter doubtless tends to distribute the disease, and its 
removal minimises the risks of attack. 

An investigation of the heteroecious rust-fungi will easily 
furnish many examples of the same kind, and lead to the con- 
clusion that Euphorbia cyparissias, for example, should be 
exterminated near fields of peas or other Leguminosae because 
of Uromyces pisi, and U. striatus. 


III. Avoidance or removal of conditions which favour infection. 

Various examples of this have already been given when 
the conditions disposing plants to disease were under considera- 
tion in our last chapter. 

(1) The most important measures of this class are those 
directed against infection through wounds. This may be 
attained by avoiding any unnecessary wounding of woody plants, 
and the immediate treatment of any wounds rendered necessary 
in pruning or other operations. 

When the stems of woody plants are injured, the first step 
towards healing the wound proceeds from the tree itself. 
Conifers containing resin have in it a very ready agent im- 
mediately available ; the resin escapes from its ducts and soon 
hardens into a crust on exposure to air. In the case of non- 
resinous conifers and of broad-leaved trees, the first steps 
towards healing are less obvious, but it has been found that a 
healing tissue immediately begins to form on wounded surfaces.^ 
It consists of a parenchyma, the formation of which is induced 
apparently by atmospheric air penetrating into the wood, and 

'v. Tubeuf, “Ueber normale u. pathogene Kernbildung d. Holzpflanzen 
u. d. Behandlung v. W unden derselben, Zeiiachrift f. Forat.-u. Jagd.-wesen, 1889. 
Contains Bibliography of allied papers. 

R. Hartig, iHseasea of Trees, English Edition, 1894. 

Gaunersdorfer, Sitzunfjsher. d. k. Akad. d. WisHenschaft, Vienna, 1881. 

Boehm, “ Ueber die Function d. veget. Gefasse,” Boian. Zeitung, 1879. 
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its object probably is to restore the same condition of gaseous 
pressure inside the tree as existed previous to the injury. A 
number of woody plants, for example, Mobinia and Quercm, 
which normally form tyloses in their heart- wood or sap-wood, 
do the same on wounded surfaces, and thereby stop up all 
the cut vessels.^ 

The formation of tyloses is due to sac-like ingrowths into the 
vessels from adjoining parenchyma, and can only take place 
where rapid growth of the closing membrane of pits or the thin 
portions of the wall of annular or spiral vessels occurs. Tyloses- 
formation takes place in normal heart-wood, and also in the 
sap-wood of many kinds of trees, except in the very youngest 
water-conducting year-rings. It also occurs in leaf-scars at the 
the time of normal defoliation.^ Species of trees in which 
tyloses are not normally produced in the heart-wood, but in 
which the vessels of that region become filled with resinous 
secretions, use these substances as healing agents in the case of 
leaf-fail or wounds to the wood. For these reasons it is quite 
correct to designate these preliminary steps towards wound- 
closure as a pathogenic formation of duramen, and the tissue 
derived from the process as wound-duramen. Similarly a corky 
tissue — wound-cork — may be formed in consequence of wounds 
to the bark or as an accompaniment of certain diseases. I 
have repeatedly observed that the normal duramen is preyed on 
for nutriment by many wound-parasites, and also that this 
wound-duramen is not sufficient to keep out germinating spores 
of the wound-parasites. It cannot therefore be designated a 
protective wood, nor are the artificial methods of closing wounds 
so superfluous as some would have us believe.^ 

Frank says : “ The use of all such artificial means of healing wounds 
is thus only necessary in serious cases, in which, in consequence of delay 
in the healing-process, decay would be inevitable without some septate 
agent. Smaller wounds, and particularly cut surfaces of twigs or thinner 
branches, are, by the natural formation of protective wood accompanying 
every wound of the wood, sufficiently protected for the few years the 

^ Molisch, “Zur Kenntniss d. Thyllen,” d. Winsemchafl^ Vienna, 1888; 

Wider, Biolog. Gentralblatt, 1893. 

“Staby, “Ueber Verschluss d. Blattnarben nach Abfall d. Blatter,” Flora, 
1886. 

*Prad, Pringsheim' H Jahrbuch, 1888. 

Temme, Landmrthechaftl. Jahrhuch, 1885. 

Frank, Die Krankheiten d. Pflanzen, 1894, p. 153. 
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wound must remain open till completion of occlusion.” If we followed 
this view, then numerous wounds would be left freely open as entrances 
for wound-parasites, and serious loss would result. It is just the numerous 
smaller wounds {e.g. those produced by hail), which are the principal places 
of infection for species of Nectria^ Cucurhitaria^ Hymenomycetes, etc., in 
fact, they form very convenient places whence a tree may be easily infected 
artificially. 

The following points in regard to treatment of branches may 
be conveniently summarized here. Trees in closed plantations 
are naturally stripped of their branches by these dying in con- 
sequence of deficient illumination; they then break off, and 
the short stumps are soon occluded or grown over. During 
this process there is always a risk of infection by fungi, and 
“ snag-pruning ” ^ is employed to shorten the period of occlusion 
as much as possible* This at the same time prevents the in- 
clusion of long branch-stumps in the timber, and reduces the 
number of knots in sawn boards. Such dead snags or stumps 
are deficient in nutritive materials and very dry, so that they 
are less suited for the entrance of wound-fungi than wounds on 
the living branch. 

The usual process of forest-pruning is necessary to produce 
clean boles, to increase the illumination for undergrowth, or 
to utilize the branches so removed. In the operation, all 
branches should be cut off close to the shaft, no snags should 
be left, nor must injury be inflicted on neighbouring bark. 
The operation is best carried out in autumn or winter when 
the bark is most adherent to the wf>od, occlusion then begins 
with the renewal of vegetative activity in spring and is well 
advanced by the time the greatest dispersal of fungus-spores takes 
place. Infection by fungi will, however, be rendered quite 
impossible if wounds are immediately painted over with tar, or, 
in the case of smaller wounds on garden stock, with tree-wax; 
these reagents, if applied in winter, will easily penetrate into the 
wood, and even replace the formation of protective wound-wood. 
Hartig says on this subject : ^ “ tarring produces satisfactory 
results only when pruning has been done in late autumn or 
in winter, because it is only then that the tar is absorbed by 
the surface of the wound. It would appear that the absorption 
of tar is due partly to the diminished amount of water in the 

^ Trockenastung. * Hartig, Diseases of Trees. English Edit. p. 258-59. 
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wood during autumn, and partly to the consequent negative 
pressure of air in the tree. When pruning is undertaken in 
spring or summer the tar altogether fails to enter the wood, 
and the thin superficial layer does not prevent the cut surface 
from drying later and forming fissures into which water and 
fungi may enter.” From what has been said it follows that 
dicotyledonous trees may be best pruned in the months of 
October, November, and December — perhaps also in January 
and February, — and that a good coat of coal-tar should be at 
once applied to the woUnds. 

Conifers should also be pruned in autumn and winter, for 
although the wounds resulting from removal of small branches 
with no heart-wood are soon protected by an excretion of resin, 
yet thicker branches with heart-wood, which secretes no resin, 
must be tarred over. Similar precautions are advisable to 
protect the stools of trees felled in order to produce coppice. 

Wounds are produced on fruit-trees by removal of branches, by 
pruning and grafting, and again during the fruit-harvest. Hail 
and wind are frequent sources of wounding. Gnawing of the 
bark by animals, such as mice and other rodents, may also occur. 

Red deer, by peeling off the bark, are a source of great 
damage in the forest. In this way spruce plantations may be 
so peeled, and in consequence so subject to red-rot that they 
have to be prematurely felled. The trees which suffer most 
are those like spruce, silver fir, Weymouth pine, and Douglas 
nr, which remain for a considerable time smooth -barked, whereas 
species with a rough bark are comparatively safe ; the latter 
can also cover up any wounded surface by means of an excretion 
of resin. Conifers suffer most from peeling, but the broad- 
leaved trees are not quite exempt. At certain seasons the deer 
rub the fur off the young antlers or knock off the old ; for 
this purpose they generally choose younger plants, which, in 
consequence of the injury, frequently dry up. Injury by deer 
is more serious in summer than in winter, because with the 
increased temperature and moisture the spores are able to 
convey infection quickly and easily. 

Injuries similar to peeling by deer are produced in gathering 
resin, and in the process of " testing ” the timber of conifers. 
Both practices are, however, prohibited in well-managed forestry, 
and occur only as misdemeanours. Resin-collecting of whatever 
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kind, whether from spruce, larch, pine or the silver fir, necessi- 
tates removal of the bark, and probably cutting into the wood 
itself. The exuded resin and naked wood dry up in course of 
time and crack, thereby allowing the entrance of fungus-spores, 
which germinate in the fissures of the wood and lead to its 
destruction. 

The forests of spruce and fir in Bavaria furnish valuable 
wood suitable for the manufacture of violins and other musical 
instruments. Till recently the practice was first to split a test- 
piece from the standing tree to ascertain the cleavage of the 
stem. If the test did not split true, the tree was left standing 
and wounded ; such stems naturally were soon attacked by fungi 
(Polyporeae and Agaricini) and succumbed to some storm. 

The beech is frequently injured in a somewhat similar manner 
by the woodmen, who hew out large pieces of the stem to obtain 
material for wedges from the very tough occlusion-tissue which 
is afterwards formed. Stems so damaged soon fall a prey to 
Folyporm fomentarms. Wounds to the wood are also frequently 
produced during the felling of neighbouring trees, or as a result 
of storms, or by the action of woodpeckers, ants, and other 
enemies. In short, wounds are so common that the necessity 
of practical remedial measures for closing them as entrances 
for destructive parasites, must be at once evident. 

(2) Localities should be avoided which are known to pre- 
dispose certain plants to disease. Just as one avoids cultivating 
tender plants in cold situations, or planting our less hardy 
trees in places known to be liable to frost, so oughtT we to 
avoid the cultivation of plants in localities which will render 
them more than usually liable to infection by fungi. Thus the 
formation of spruce-nurseries at considerable elevations has had 
to be abandoned, because it was observed that they were there 
liable to complete destruction by Herpotrwhia nigra. For 
similar reasons the hole-planting of spruce in elevated situations 
must be avoided. In moist localities nurseries of Douglas fir 
and other trees are in danger of attack from Botrytis; while 
close glass-houses and hot-beds are breeding-places for many 
parasites which would at once die away with good ventilation. 

(3) The neighbourhood of plants which are supplemental 
hosts of the same heteroecious fungus should also be avoided. 
(See also p. 74.) 
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(4) The massing of numbers of the same spe(?iBS ^ plant 
together is dangerous, because it presents a favourable oppor- 
tunity for the rapid spread of epidemic diseases. On this 
account the smaller fields of small holdings tend to prevent 
any epidemic from assuming serious proportions. Still better 
is a system where, as in Northern Italy, a few rows of vines 
alternate with narrow strips of Indian corn with gourds or 
melons on the ground below, and strips of grass or millet 
intervene here and there. 

Wherever similar plants must be cultivated in close neigh- 
bourhood over extensive areas, as in vine cultivation, any 
epidemic, which may obtain a hold, soon produces disastrous 
effects. Our cultivated forest plants, when occupying extensive 
areas, are particularly open to attacks of certain fungus-diseases. 
Thus Pines from Hysteriwn pinastvi, Cacoma pinitorqmm, and 
Peridmnium pini ; pole-forests of pure spruce from Hysterimn 
macrosporumy all plantations of conifers from Tramctes radi- 
ciperda and Agaricus melleus, the latter especially if preceded 
by beech forest, the stools and dead roots of which offer the 
Agaricus an opportunity for easy and abundant development. 

The prevention of many epidemic diseases is one of the 
advantages claimed by Gayer ^ in favour of natural regeneration 
and mixed plantations. On exposed areas the prevailing strong 
winds facilitate distribution of many fungus-spores, while, at 
the same time, they introduce the supplemental hosts of 
of heteroecious fungi {e.g. aspen, ragwort, cowberry, etc.), which 
would be excluded from a closed permanent mixed forest natur- 
ally regenerated. Of course, we do not maintain that, under 
these conditions, diseases are entirely absent, because it i.s just 
on naturally-sown beech seedlings in closed forests that Fhglvpli- 
thora finds a habitat. Similarly Trichosphmna on silver fir, 
and other parasites, are in closed forest provided with that 
degree of atmospheric moisture which favours them. In fact, 
several parasitic fungi exhibit adaptations to such conditions. 
Diseases, speaking broadly, are less dangerous in mixed forest ; 
they never attain the same distribution, and they arc more 
easily restricted where trees of different dispositions are grown 
together. Thus, the forests of Bavatia consist,' in the lower 
elevations, of mixed beech, silver, fir’, and spruce; higher up 
^ Gayer, Dtr Waldhm. 
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the beech is omitted, and in the more elevated parts spruce 
alone is planted. The fir alone is attacked by Phoma ahietim 
Aecidmm elatiniim, LnpJwda'mium nermsequiiim, Trichosphaeria 
parasitica ; the spruce, on the other hand, has to itself 
Lophodermmm macrosporum, Chrysomyxa ahictis, Herpotrichia 
nigra, while both are subject in youth to Pestalozzia Hartigii, 
and later to several wood-destroying fungi. 

The storing together of crops like apples, potatoes, onions, 
turnips, etc., should be carefully carried out. They should be 
handled as little as possible, and decaying individuals should be 
sought out, and destroyed when possible, to save the remainder. 


IV. Selection of hardy varieties. 

All important method for the protection of plants from disease,, 
both from the preventive and remedial side, consists in the 
selection and cultivation of varieties and species of plants able 
to resist the attacks of parasitic fungi. 

It has already been mentioned that different varieties and 
species show different powers of resistance against enemies. As 
a further example, we have numerous American grape-vines 
which are not attacked by downy mildew {Plasmopara vitieola), 
tliat dangerous enemy of the European vine of cultivation 
{Tit IS rinifd'a). Some American vines {cjp Vitis riparia) 
aie proof against the phylloxera, the root-louse which attacks 
the roots of European vines and devastates the vineyards of 
the wine-producing countries ; while, on the othei hand, othei 
American vines are no more resistant than the European. In 
fact, it was the importation of those vines into Europe for 
experimental cultivation which brought us both phylloxera and 
the downy mildew The cultivation of such disease-proof 
species would ensure us immunity from the phylloxera, if it 
were not that the wine from these vines has neither the quality 
nor the flavour possessed by the European. On this account 
the grafting of European vines on American stocks has been 
introduced, whereby the roots remain unattacked by the 
phylloxera, and the grapes are of the approved standard. Very 
good results have also been obtained from experiments in 
hybridization of American and European vines with the object 
of obtaining roots from the American parent, and grapes from 
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the European. The long and patient experiments of Millardet^ 
are the most conspicuous amongst many which, by means of 
grafting and hybridization, have aimed at obtaining disease-proof 
vines. Millardet, out of numerous hybrids raised by him, has 
succeeded at last in obtaining vines with roots proof against 
phylloxera, leaves resistant to attacks of downy mildew, and 
grapes which impart the esteemed flavour to the various old 
and well-known European wines. From these many ruined 
vineyards of southern France have been already re-stocked, and 
promise well. 

The results obtained from Eriksson’s investigations on cereal- 
rusts are also worthy of notice.^ This investigator, after carrying 
on cultivations for a number of years, has found that there are 
varieties of wheat able to resist the more frequent forms of 
rust, and in no way endangered by them. By a similar method 
of investigation, varieties suitable for cultivation in the rust- 
infested districts of Australia have also been obtained. 

’ Millardet, “ Notes sur les vignes amencaines. ” Sei . ill, M^m (l( la sof. di'i 
■^cmices de Bordeaux, 1891; Journ. d' a<jrtcullure pratique, 1892; Compt. rend,, 
1894; Zeitschrift f. Pjianzenkranklicit<n, 1894, p. 47, and 1895, p. 116 

Esser, “ Die Bekampfung parasit. Pflanzenkrankheiten,” Samml. wissrnxch 
Vortraqe; by Virchow u. Wattenbach, 1892. With Bibhograpliy. 

• Eriksson. ZeiUehrift f Pflauzenkrankheitev, 1895, p. 80, 



CHAPTER VIL 

ECONOMIC LMPOKTANCE OF DISEASES OF PLANTS. 

^13. Tlie economic importance of any plant-disease depends on 
its distribution, its intensity, and the value of the plants attacked. 
Of most consequence are those epidemic diseases of fungoid origin, 
which cause rapid death of their host, and spread with great 
rapidity over wide areas. Such, through repeated attacks, 
may render the cultivation of certain plants impossible 
in a locality. Almost equal damage may result from those 
parasites, which, although they do not kill their host, yet * 
destroy or prevent the development of that part for which we 
grow the plant. Amongst these are species which inhabit 
dowers or fruits, the wood-destroying fungi of forest-trees, 
and forms inimical to the foliage, roots, or tubers of plants 
of economic value. 

As examples of parasitic fungi which bring about rapid death 
of their host, are the originators of many diseases of young 
plants, Phyto'phthom omnivora may during a few days of damp 
weather completely kill out not only healthy beds of seedling 
beech or conifers in the nursery, but even the young plants 
by which a forest is being naturally regenerated. Pidalozzia 
Hartigii, a few years ago in the beech-forests in some districts 
of Bavaria, exterminated three-fourths of the naturally-sown 
plants from one to four years old. Herpotrichia nigra is 
capable of completely destroying the young spruce plantations, 
so important for the afforestration of bare slopes in mountainous 
districts, and it may attack with such violence nurseries 
established at great cost and labour that they have to be 
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abandoned. Whole gardens of roses have been devastated 
Peronospora qoarsa, and nurseries of conifers have been exter- 
minated by Hystcrivm pinastri, or Agarinis mellcus. 

Amongst the fungi, which attack the organs of older plants 
and cause serious losses to cultivators, are the following: the 
well-known potato disease caused by Phytophthom ivfedmu-, 
the vine diseases arising from Unciiw/a spiralis, Plasm opara 
viticola, and DeTmtophora nccatrix] many diseases of conifers 
and other trees. As destroyers of the fruit alone may be 
mentioned the smut-fungi of the cereal crops. 

Other cases of injurious diseases, of more or less practical 
import, will be described in the special part of this book ; at 
juesent we shall only select a few e.stimates of the loss result- 
ing from them. 

In the forest of Jlischoffsreut in iJavaria — a magnificent one, 
containing spruce, fir, and beech — eighteen per cent, of the 
felled timber consisted of wood rendered useless by decay ; 
while fifty years ago the utilizing of the so-called fungus-sponges 
of Polyporus f omenta nns in the same forest for manufacturing 
purposes and foi tinder, was let foi a small sum (see p. 74). 

Higher figures are, however, reached when we calculate the 
injuries on vines or cereal crops. Pierce,^ in 1802, furnished 
estimates putting the loss resulting from the Anaheim viiu*- 
disease in California at ten millon dollars. The area of infected 
land was about 25,000 acres, in gieat part with an (»riginal 
value of 800 to 500 dollars pel acre, I tut so depreciated in 
the course of five years that it became worth not more than 
75 to 200 dollars. 

Ill the Zeitschrift fur PflanzenkmnUiiiten 1898, the iiitei- 
national phytopathological commission gave, from estimates 
mates furnished by the Prussian statistics-bureau, a review of 
the losses in Prussia from grain-rust. Amongst other esti- 
mates we find that in 1891 the wheat harvest of Prussia 
reached a total of 10,574,168 doppelcentner,^ which at 22 
marks per d.c. = £11,459,690 sterling. Of this 3,316,059 d.c. or 
£3,5 p3, 75 8 was depreciated by rust. The rye harvest was 
30,505,068 d.c. at 22 marks, of which 8,208,913 d.c. 
or £8,896,364 was depreciated by rust. Oats reached 

^ The California Vine-Disease. V.8. Dept, of A(jrirvlfure, BiUl. 2„ 1892, p. l.'l. 

“ Doppelcentner = 100 kilogramme. 
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32,165,473 clc at 16 marks, ot which 10,325,124 dc 
•or £8,138,023 falls to be deducted on dccount oi rust 
Thus on the crops wheat, rye, and oats, the loss reached the 
sum of £20,628,147 sterling, or almost a third ot the total 
value ot the crops The year 1891 was a very unfavourable 
one, but even taking the estimate at the halt of the above 
sum we have a yearly loss liy rust amounting to £10,000,000 
sterling 

In Australia the loss in the wheat harvest ot 1890-91, on 
auoimt of rust, has ]>een estimated at £2,500,000 sterling 

( Vmsideration ot the loss ot sums ot money like these, which 
might be considerably reduced it eneigetic and universal measures 
were ein])loyed. against fungoid plant-diseases, will serve to em- 
phasise the importance of remedial inta&ures It must also be 
l)orne m mind that the use ot diseased todder,^ especially hay, 
grass or grain, intested by rust oi smut tungi, is productive ot 
serious results to the various animals the larm , while the 
use ot meal or doui contaminated with smuts, stinking smuts, or 
ergot IS dan ^erous tor mankind 


tr liner, Ldtyhuh d J'oxiJoloqit J Thnrnrzft 1890 



CHAPTEE VIII 
S\MBIOSIS 
^ 14 MUTUALISM 

Mutualism, or S}mbiosis m tlie stricter sense/ has ben* 
distinguished as a special ease of parasitism This condition 
occurs when a parasite and its host mutually work foi 
the l)eneht of one another, eacli contributing to the others 
nourishment The lichens furnish the most conspicuous example 
Here fungus-hyphae unite with algal cells, the algae furnishing 
the fungi with assimilated oiganic nutriment the fungi pro 
viding water and dissolved salts for the algae 

While it is by no means uncommon to find two organisms 
taking a mutual advantage of each othei, )et mutualism in its 
strictest sense is a rare phenomenon For it generalh hapi>ens, 
and IS indeed to be expected, that one or both s}mbioti( 

organisms modify m some degiee their mode of life to suit the 

altered conditions necessar} for their mutual support Tims 

amongst the lichens, as a result of the union of fungus ,ind 
alga, a living cjrganism originates, which in form, necessities, 
and mode of life is quite mu, and diheis complete!} from 
either of its components In the lichen-communit} , the fungus 
alone reproduces itself, }et the alga occurs as a free organism 
in nature, while the fungus can onl} be reared in artihcial 
culture. This combination might perhaps be compared with 

that of oxygen and hydrogen to form water, also to a certain 
extent with the union of the sexual cells to produce a new 

^The term Symbiosis was applied by De IJaiy, (who introduced it), bj Fiaiik 
and otheis, to denote those cases where a cohabitation oi par tnei ship was 
obsened to take place between two different oiffanisms (Frank, Lehhvch <l 
Bofantl, 1802) “Mutualisin’ was first used by Van Beneden 
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individual. These, and other examples, will serve to illustrate 
how we have in the lichen an organism with peculiarities of 
structure and of life, widely differing from those of either an 
alga or a fungus. This unification of two living beings into an 
individual whole, I have designated “ Individiiation’* ^ 

In the case of the lichen-symbiosis, the chlorophyllous part 
consists of minute algal cells, completely enclosed in a tissue 
of fungus-hyphae, and the lichen lives as a perfectly isolated 
and independent plant. The case is, however, different where 
the fungus enters into parasitic relationship with the green 
cells of a large plant. Union may then take place, so that the 
fungus lives on, or inside its host, and removed from contact with 
any other substratum. The fungus is, however, not in a position 
to convey any nourishment to its host, and in fact is absolutely 
dependent on it for the organic substance and water necessary 
for growth. Where, however, the relationship is such that the 
parasitic fungus is still in contact with some other substratum, 
then it may be assumed that, in spite of its parasitism, it 
takes up nutriment from this source, and shares it with its 
host. This, as has already been pointed out, is the state of 
things in the lichens, where the fungus completely en\ elopes 
the small isolated algae, and must, as a condition of the growth 
of the lichen, remain in direct contact with the substratum ; 
the fungus is believed to take from the substratum w*ater and 
inorganic food-material with which it supplies the algae, while 
it receives in return plastic organic substance to be used in 
its own growth. Of course cases do occur amongst the lichens, 
where, in moist places, the alga is not dependent on the fungus, 
or, on the other hand, where the fungus can itself take up 
organic substance from its substiatiun. 

Another example of the case is the union of fungi with 
non-chlorophyllous plants which inhabit humus (e.g. Mnnotro})a). 
Here the fungus takes up organic nourishment from the 
substratum and sup])lies it to the higher plant, which, in 
consequence of its lack of chlorophyll, is directly dependent on 
the plastic organized substance from the soil, supplied through 
the agency of the fungus. The latter, however, receives nothing 
in return ; it requires nothing, since its substratum offers it 
the most favourable conditions for nutrition. This form of 


’ Individualisnms. 
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symbiosis, in which the fungus becomes the nurse or feeder, I 
distinguish as NiUncism Between the case just cited and 
that in which the fungus is a pronounced loot-parasite on 
green plants, there exists every possible intermediate stage 
Before nutricism is considered in detail it would be well to 
exemplify briefly from the lanks of plant-parasites, that pheno- 
menon of individuation so sharply defined in the lichens 
A large number of paiasitic fungi cause local cell-enlargement and 
cell-increase, with the frequent result that an attacked plant- 
organ becomes very much enlarged and its form much changed 
One speaks in such cases of liypertrophy and hypertrophied 
oigans It is quite evident that in cases of hypertrophy the 
attacked part must be bettei nourished, otherwise it could nevei 
sustain the great increase in numbei and size of its cells The 
hjpeitrophied oigan is, in fact, indebted to the surrounding 
healthy paits for its additional nourishment in other words 
the place of demand draws to itself the materials it recjuiies 
This is all the more necessai) when the legion of mere tsed 
growth IS deficient in, or altogetlier devoid of, chloro})h}ll and 
thus quite dependent on the assimilating green ])arts I liis 
is frequently the case, as in the scales of alder catkins attacked 
by Eionsia^ aim nuanac, in the needles of silvei hr deformed 
by Aiiyhim clatmum, or in the lellow needles on spriut 
resulting from Autdiuw contMans So also must the wood) 
swellings of blanches attacked oy Aauhiaii datnmm Gi/miw 
spoum/ium sahina(, and other fungi, be produced at the cost of 
neighbouring parts of the host The h} pertrophied organs be- 
have, in fact, like these plant-organs — flowers, roots, etc — 
which are normally deficient in chlorophyll, and to which 
plastic material must be supplied 

In other cases the part of a plant attacked by fungi behaves 
like a specialized organ, and, in combination with the fungus, 
attains to a certain degree of independence The so-called 
“witches’ brooms” fuiuish an interesting example It is a well- 
known fact that the direction of growth of the main axis of 
plants IS negatively geotropic, whereas that of the lateral branches 
IS only a modified form of this condition. If the terminal bud 
of .1 tree (eg a spruce or fir) be removed, then one or more 
lateral branches, or even buds of those branches, will exhibit 
an increased negative geotropism. This is very marked in 
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the case of the so-called “ storm-firs " of the mountains, on 
which are developed not a single apex, as in the normal fir, 
but many, each of which grows up like a little independent 
tree on the branches of the old stem. A similar result follows 
where a portion of a lateral branch is planted as a “cutting,” 
one bud grows directly upwards, the others form lateral branches. 
The stimulating effect which the removal of the terminal shoot 
produces on lateral branches is thus one which extends to a 
considerable distance. A stimulus of a somewhat similar nature 
appears to be exerted on buds attacked by certain fungi, so 



Fig 1(1 -Witches’ broom of Silver Fii. caused by Aualium tlalmum 
(V Tubeuf phot ) 


that the shoot produced from such a bud no longer retains its 
normal direction of growth, but becomes negatively geotropic 
like an independent plant. This marked negative geotropism 
is characteristic of all witches’ brooms (Fig. 16), and shows 
clearly that tliey are no longer controlled by the same laws of 
growth as the normal lateral branches. They have in addition 
other peculiarities not exhibited by normal plants. Thus the 
witches’ broom of the silver fir caused by mycelium ot 
Aeridiam datlnum is not evergreen, but bears needles which 
fall each autumn. Moreover, no witches’ broom bears flowers 
or fruit ; for example, that on the cherry 5) produces 

exclusively leaf-buds which unfold simultaneously with the 
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opening of the flower-buds of unattacked twigs, the normal 
foliage coming later. 

We have here an expression of the existence of a closer 
symbiotic relationship between the fungus and its host- branch, 
than between that host-branch and its main branch. It also 
shows that the host-branch is completely at the service of the 
fungus, although the latter is dependent on the former for its 
support. The host-branch is, at the same time, under the 
necessity of conducting itself in the partnership in the way most 
suitable to the development of the fungus.^ Thus the asci of 
the Exoaseeae are produced on the leaves of the witches’ broom, 
and ripen as the normal leaves unfold, so that the spores 
are in a position suitable for succes.sful infection of the young 
normal leaves. 

From these facts it can be deduced, that parts of plants 
attacked by fungi exhibit that kind of symbiosis with the fungus 
which we call individuation, the joint community behaving 
more or less as a parasite on the stem or branches of the host- 
plant. This is clearly the case where tlie attacked parts exhibit 
increased growth, and at the same time a diminished ju’oduction 
of chlorophyll resulting from degeneration of chloroplasts. Such 
parts of plants are quite as individualized as the lichens, with the 
single distinction that they remain in communication with the 
parent plant and draw nourishment from it. 

There are, however, other cases where the chloroplasts are 
apparently increased, where at least they attain a lengthened 
duration of life. This is evident in certain instances fir.st 
pointed out by Cornu, mentioned by De Bary, and on 
which I have made extended observations. Maples may 
be found in autumn on w^hose di.scoloured, withered leaves 
large green spots are still present. On Norway maple I have 
observed these spots, very conspicuous on almost every leaf, 
and especially on those of the lower crown. The green parts 
were beset with the white epiphytic mycelium and perithecia 
of Uncinula aceris. Cornu describes similar appearances accom- 
panying another Erydplie, certain Uredineae, and Cladoqm'ium 
dendTiticum. I have seen the same phenomenon regularly on 
the mountain maple on leaves carrying black spots of Rhytuma 

^ Plant-galla caused by animals also exhibit adaptations serviceable only for 
the gall-occupant. 
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punctahm (Fig’. 129). As other examples may be mentioned 
quince leaves, which I infected with Gymnospm'aiigium davarioe- 
formc, and leaves of Cynanchm Vinceto^iinm infested with 
Cronartinm asckpiademn. In all these cases, nutritive sub- 
stances seem to be still transmitted to attacked parts after 
death of the rest of the leaf. Tlie attacked spots show also 
an independent behaviour in that they do not turn yellow 
before the fall of the leaf, Imt continue to work at the 
service of the parasite. One can even l)elieve that these green 
islands, so long as inorganic substance and water are supplied 
to them, live with the fungus like lichens, especially those 
lichens whose algae obtain water and inorganic material direct, 
not through the fimgal-hyphae. 



CHAPTER IX 
SYMBIOSIS 
^ 15 NUTRKIbM 

Foil the greater number ol the tacts used in oui discussion 
of this peculiar phenomenon, we aie indebted to 1 lank, wiio 
bud the basis ot our knowledge in regard to it Wi IniM* 
chosen the expression Nutricism foi reason^ ahead} stated 
(i^ 14), and would only add that its scojie is \anablt- in ditieient 
cases, and leaches its most (.omprehensne* <ippluation in Lonnec- 
tioii with Frank’s views on the so-called myeoilnza We shall 
best explain the phenomenon by describing indnidual examides 
In a numbei of cases the s}mbiosis between tungi and higher 
plants does not result in the fungus being sujiplied with org.inic 
nutriment by its host, but rathei tliat the lungus is in no way 
indebted to the host-plant for nutriment, and may even, .is in the 
lichens, convey solutions ot moiganic mateiials to it, thus assist- 
ing in its nutrition There are two cases distinguishalile in tins 
connection In the hrst, the lungus lives in liumus and in 
close exteimal contact with tin loots ol its host, obtaining 
food tor itself, and at the same time supplying its host 
with organic nutriment In the other case, the iuiigus de\elops 
inside the root-cells ot its Iiost, and is piobalily iiouiislied from 
that source, till on dying it gives up certain albuniinoid sub- 
stances, which are absorbed and utilized by the host-plant The 
parts of the roots whicli slielter the fungi, Frank has named 
“ fungus-traps,” the plants themselves being “ fungus-digesting 
plants ” 

The organs resulting from the symbiosis of root and fungus 
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have been named mycorhiza ^ or fungus-roots Where, however, 
new structures (swellmo;^ etc) are produced on the roots, as a 
lesult of symbiosis with fungi or bacteria, the name mycodomatia 
or fungus-chambeis has been applied 

One division of m}corhi/a consists oi those which live in 
humus, and act as inteniiediaiies m supplying their hosts with 
nutritive material In this case the fungus covers the host- 
root like cin outer covering forces itself between the cells of 
the outer layers and produces hdustonal branches in the mteiioi 
of the host-cells These I^rank designates as ectotrophic 
mycorhiza The remaining mycoihiza do not foim such an 
external sheath, but live insicU the fungus-traps, and produce 
tangled coils of In phae in the root cells of the host Tht st 
Frank distinguishes a^ endotrophic mytorhiza 


Ectotrophic Mycorhiza 

(1) On non chlorophyllous plants living on humus 

Kaminski^ was the first to obser\e that Mimofiojpa lujpopitys, a 
iU)n-chloroph}llous plant living rooted in forest-mould, possessed a 
compact root system de\oid of loot-haiis l)ut co\ered with tlu 
h}})hat of a fungus At the saim time, ht expressed the belief 
that a sjmbiotK relationship existed between the fungus and 
the routs of M(moi}opa, wher(b\ the former supplied nutriment to 
the latter Tlu fungus dothes the glowing point, and extends 
backwaids to that part of tlu loot which has ceased ta elongate 
tlieie the m}celiuni pt net rates ‘ inwauh bt tween the root-cells 
and leinains inUrcellular I he mycorhiza of Monotiopa thus 
showed tuinidete agreement with those known eailier on the 
roots of Cupuliferae,^ and since proved by hrank to have a verj 
geneial distribution rtohow' has pointed out that an external 
mantle of fungi also exists round the root-apices of JL/jKqnfi/s 
hypophcti(ji(i a holosapioptutic plant dexoid of chlorophyll 

^SaiciuM, Rodsymlnosi o<i Myionhuer merhu ho^ Sloihaenie, 1893 With 
Bibhogiapliy 

-Kammski, d la so( des saentts vatvr de Che‘>l>our<t, T 24,1882 

’Frank, Bertchie d deiit'tch botan Oc'^ , 188) 

* Muller, .SfOtrfter ouj Sloi)ord tom Btdraq tif Slovdryknimjem Jheort, 1878 

® Johow,* “ Dre thloropliyllfreien Huinuspflaiizen, Pnnqtheim’t Jahrhvch, 1889 
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(2) On chlorophyllous plants 

Frank has extended Kaminski’s theory to include the 
mycorhizd of trees and other green plants This assumption 
IS founded on his observations of the common occurrence ol 
inycorhiza on the Cupuliferae, and many other plants He says 
that all trees are probably capable, under certain conditions, 
of entering into symbiosis with mycorhiza-fungi, and that in 
this way the tree is supplied not oiil> with the necessary water 
and mineral food-constituents from the soil, but also witli oiganic 
material derived directly from humus and decaying plant-remains 
The tree is thus enabled, through the mj corhiza, to directly utilize 
organic vegetable remains Frank supported this theoi> by 
anatomical investigation of the mycorhiza of numerous }>lants 
and later by physiological experiments The lattei consist in the 
(omparative cultivation of seedling loiest-trees in a sterilized 
hiimus-soil, and also in a non-sterilized soil containing the 
mycorhiza-fungi These experiments showed, in the case ot 
beech, that those trees m sterilized soil with normal roots and 
root-hairs without mycorhiza, weie pooily developed and died 
after several ye<irs, while the otheis with m}corhi/a giew 
vigorously 

Frank also pointed out that mycorhiza are developed onl) 
ill soils containing humus, and in the humus la}ei H( 

assumes that the Inngus conveys to the tiee-roots not onl\ 

carlion compounds, but als<» since the 1113 corhiz i c( 11s < ontain 
no nitric acid, iiitiogen 111 organic compounds 

The mycorhiza caps suppress the foirnation ot loot hairs, but 
I have frequently seen hairs on neighbouring loots or on parts 
of the same root behind the fungus-cap (Figs 17 and IS) In 
soil free from humus, root-hairs arc alwa}s present and carr) 
on their work noimalh Schlicht^ f(»und that pines growing 

111 poor sandy soil without humus had no mycorhiza but onl} 

normal root-hairs Jteess found tliat pines near Krlangen had 
quite as many rootlets without m3corhiza as with It would 
thus appear that while every tree possesses a number ol roots 
with fungus on them, yet tlie complete tiansformatioii ot the 
whole root-system to mycorhiza is by no means so general as 

’ Schheht, Inaug DisHertation, Berlin, 1889, p 9 
Prank, Ber d deiUHch botan Gts , 1892, p 583 
Reese, Ber d detttsch f/ofan Ges , 1885, p 295 



Fio 17 — fepruce seedling in third year, grown in clay loam Typical coral like 
mycorhiza are absent The strong root to the right shows, on its newei parts 
and on all lateral roots only i oot hairs and no fungus The rtni lining roots arc 
not modified in any way — some aie covered with loose fungal caps others 
have both fungal cips and root hairs while others are cpiite free from fungi 
<v Tubeuf phot ) 
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in Monotropa, The root-system of a tree has not only to secure 
nourishment, but also the rigidity and stability of the tree.^ 
This latter can only be attained by a wide distribution of roots 
in the firm subsoil free from humus, where normal roots with 
root-iiairs will be formed. The nursing function of the mycorhiza 
seems thus to be less important than in the case of Monotropa, 



Fic Ih -Miico>Jaza of Ptmii Cemlna Tjintal in\torhiZA JS, Root showing 
dusters of inycorhlra as well as portions clad with fine rot>t-hairs 6, Rootlet 
exhibiting button-likc thickenings exteriiallj detoid of a fungoid naantlc but 
intern ilh completeh destroj'cd % mi cehuni D, Section through a thickened 
brinch of i nij corhiza cluster «, fungoid mantle, b, fungoid tissue between 
the I ells of the root, rendering thenmnrecogniz.ible except by their large mu lei , 
the inner parts cont un no fungi (\. Tubeuf del ) 

M> newest investigations on this subject^ sliow tliat, amongst 
the gymnospermous forest-trees, the Abietineae alone have loots 
externally clothed with a fungus ; the remaining groups have 
all endophytic mycorhiza. The Abietineae have frequently only 
a fine mantle of fungus on their rootlets, and do not produce the 
tufts of short, branched roots so characteristic of mycorhiza in 
general. Frank does not seem to lie altogether correct in Ins 
view that the' Abietineae are almo.st or quite incapable of multi- 
plication by slips, because they would then require to exist for a 
time without mycorhiza. Probably there is some other reason 
for this, because the Salicaceae Poplars), which have typical 
coral- branched mycorhiza, are almost exclusively multiplied by 
slips. 

^Hoveler, (“ttb, die Verwertbung d. Humus bei d. Emihrung d. chloiophyll- 
fiihrenden Pflanaien.” loaug Diss., Berlin, 1892), states that roots are able to 
utilize the soil-oomitituents without aid of fungi. 

“Tubeuf, FornL-mturimH. Zettfichn/t^ 1896. 
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After the bRve functioned as such for some time, 

fimgoid, sheath, as well as .the hyphae contained in the 
cortex ot the root outside the endodermis, are thrown off by 
internal cork-formation. This is, however, not always the case, 
for the fungus may penetrate further and develop injurious para- 
sitic characteristics; this is so with Bdysaccum} and Elaphomyces.^ 

Endotrophic Mycorhiza. 

(1) On non-chlorophyllous plants living in humus. 

Certain Orchideae — Nenttia Nidm aim, Epipogon Gmelini, 
Goodyera rcpcm, etc , as well as some Gentianeae,^ possess 
roots developed as endotrophic mycorhiza. In Corallwrhiza the 
fungus frequents the short coral-like rhizomes. The fungus in 
these cases penetrates into the cells of the root-cortex, and 
there forms a ball or coil of hyphae ; it neither covers the 
roots externally nor inhabits the epidermal cells, so that the 
production of root-hairs goes on, quite normally. From the 
circumstance that the hyplial coils become emptied and only 
the remains of walls are left in the still living root-cells, Frank 
concludes that the fungus after being nourished for a time by 
the root-cells is ultimately deprived of its contents by them. 
On this account he calls these roots “ fungus-traps,” and the 
plants possessing them “ fungus-digesting plants.” It must be 
remarked, however, that the fungus grows onwards from older 
parts of the roots to younger, so that here, as in many other 
cases, the contents of the hyphae may pass from the older into 
the younger hyphae. Frank himself suggests* the possibility 
that the roots take up nutriment without aid from the enclosed 
fungus, and also that the latter receives its food parasitically 
from the former. What advantage the roots may receive from 
reabsorption of food, which they have previously supplied to the 
fungus, has not been closely investigated,: nor has- tlie question 
whether the roots are in a position to nourish the plants equally 
well without fungi. 

The root-fungi of Orchideae have long been known, and Pfeifer® 

^ Bruns, “Beitrag z. Kenntniss d. Gatling Polysaccum,” Flota, 1894. 

2Ree88, “Untersuch. uber d. HirschtrUfFel,” Bibliog. Boian. 1887. 

* Prir^^tim’e Jahrbtich, xvi. and xx. 

♦Frank, Lehrbuch d. Botanik p. 267. Landmrth. ^ahr^wch, 1877. 
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suggested that the reduced formation of hairs on their roots was 
due to the fungus-hyphae behaving physiologically as root-hair's. 

Johow, in .apposition to Frank, states that tha^ non'-^chloro- 
phyllous Wullschlaegelm, a relative of Neotha, shows no trace of 



Fig 20 —AeoUia Mdiu aiit Rii h 
(v Tubeiif phot ) 

iungal hyphae about its roots, and yet derives tioiinshment direct 
from humus. The same author found among roots of the Bin- 
manmaceae, some free from fungi, and some with the rind, and 
even the epideimis full of mycelium 

1,2) Oa dUorophyllous plants living amongst humus 

Accordmg to the investigations of Frank, all our ^Ericaceae, 
Epacrideae, and Empetraceae, living in the humus of taoor, heath, 
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or wood, possess endotrophic mycorhiza. These appear as fine, 
elongated rootlets whose epidermal cells never develop as root- 
hairs, but become filled with coils of fungoid hyphae. 

Schlicht mentions a large number of herbaceous plants out of 
the most widely separated genera of Angiosperms, the finer roots 
of which he found regularly developed as mycorhiza. These, how- 
ever, possess in addition normal root-hairs, which without doubt 
function as such. The endotrophic coils of fungi are situated in 
the inner cells of the cortex surrounding the conductive tissues, 
and Schlicht regards them as important in transmitting to the 
conducting tissues substances taken up by the root-hairs. Since, 
however, the fungus inhabits living cortical cells, it is quite 
possible that these transmit the food-materials direct without 
the aid of the fungus. 

Schlicht found endotrophic mycorhiza on Leguminosae, while 
Frank found them on the alder, both being distinct from the 
well-known tubercles of these plants. 

Kuhn^ and Goebel^ found endophytic root-fungi on Marat- 
tiaceae, Ophioglosseae, and Lycopodinm ; Kuhn also found spores 
which resembled those of 'ScJnnzia. 

Endotrophic mycorhiza are also present in saprophytic green 
orchids, as well as in hemi-saprophytic orchids without green 
colour; and Meineke^ found hyphae passing through the little 
cells of the endodermis of the aerial roots of orchids into the 
mucilage-masses of the rind-parenchyma. Schimper found fungi 
present on the adl\erent side of the roots of epiphytic orchids. 


Mycodomatia of Blyricaceae, Elaeagnaceae, and the 
Alder. 

The above-mentioned plants possess a well-developed and 
normal root-system, and also characteristic lateral outgrowths, 

^ Kuhn, “ Untersuchungen ub. d. Anat. d. Marattiaceen,” Flora^ 1889, 

® Goebel, Botan. Zeitung, 1887. 

* Meineke, “Beitr. z. Anat. d. Luftwurzeln d. Orchideen,” Flora, 1894. 

* Bibliography — Woronin, M6m. de Vacad. des sci. de St. Pdtersbvrg, 1866. 

Brunchorst, Ber. d. deutsch, botan. Gea., 1885. 

Brunchorst, Untera. am d. botan. Iim, Tubingen, 1886. 
Holier, Ber. d. deutsch. botan. Ges., 1885 and 1890. 

Frank, Her. d. deutscft. botan. Ges., 1887 and 1889. 
Atkinson, “ The genus Frankia in U.S America,” Torrey 
Club Bulletin, 1^2, p. 171, with plate 
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which may increase to- very large tubers, with surfaces resemb- 
ling a bunch of glapes (Fig. 21). In the large cells of the 
middle layers of the primary root-cortex of these growths, 
coils of very fine fungus-threads are sheltered; these extend 
year after year into the younger parts of the enlarging tuber- 
cles, and gradually disappear in the older parts. What may 
be the significance of these structures for plants possessing 



Fig. 21. — Frankia alnl. Rootaubercles on the Alder, (v. Tubeuf phot.) 


chlorophyll and furnished with normal roots is as yet unknown. 
Plants which have grown well for years in water-cultures do not 
show them. On account of the cork-covering with which these 
tubercles are furnished, it would seem that they are not adapted 
for taking nourishment out of the soil. 

Woronin described them first on the alder, Warming on 
Elaeagnaceae, while Moller proved their fungal origin. 

The species of fungi which produce these tubercles have been 
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provisionally distinguished as Frankia alni <Wor.) on alder, and 
Frankia Brunchorstii (Moll.) on Myrica Gale. 

Hiltner,^ after a series of experiments, states that first-year 
alders without tubercles do not thrive in soil free from nitrogen, 
nor do they take up nitrogen from the atmosphere; when, 
however, provided with root-tubercles they assimilate nitrogen. 
The tubercles also functionate in water, and soil rich in nitrogen 
has the affect of slightly increasing the assimilation of that 
element. The tubercle-fungus is at first parasitic on the alder, 
and is only of use to the plant after the tubercles have fully 
developed 


Mycodomatia of the Leguminosae. 

All Leguininosae growing in their native soils exhibit the 
so-called tubercles. These are accessory formations of the 
piimary root-rind and are furnished with 
vascular bundles connected with the root- 
luindles ; they consist of a cortex of normal 
cells surrounding an inner large-celled 
parenchyma with turbid cell-contents con- 
sisting of numbers of bacteria, {Bactenum 
rathcold, Beyerink, or llhizohiinn hgmninos- 
(11111)1, Frank.)- 

Frank describes minutely the formation 
of these tubercles.^ The short rod-shaped 
microbe forces its way into a root-hair 
or epidermal cell, multiplies there, and is 
conducted to the inner cortical cells by 
plasma-threads continuous through the 
cell- walls. A rapid division of the inner 
cortical cells is set up, till a tubercle is 
formed, which may still further increase 
by continued cell-division from a meristem 
at its apex. The bacteria multiply simul- 
taneously, and are transferred into the new cells where a 
great change comes over most of them; they enlarge very 

* Hiltner, “Ueber d. Bedeutung d. Wurzelknollchen v. Alnus glutinosa,” 
Xobhe'n Landivirtachaft. Versuch^-stationen, 1895. 

^Woronin, M^m. de Vacad. des set. de St. Petersburg, 1886. 

^ Lehrhuch d. Botanik, p. 271. 



Fio '^.—RhizobMiii legum- 
inoBarum. Root-tubcrcles on 
Genista tinctona, (v. Tubeuf 
phot.) 
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much and become club-shaped or dichotomously branched 
bodies without power of division, which may be designated 
^‘bacteroids.”!' Brunchorst found the contents of the bacteroids 



Pia 2S.—Rhizobium legummtarum Root tubercles on Rahmia Pteudacaeia 
(v Tubeuf phot ) 

to disappear at the time of the fruit-formation of the host- 
plant, A small number of microbe-bodies still remain, according 
to Frank’s observations, capable of division, and these, after 

' According to Moller, they undergo fatty degeneration. 
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decay and break-up of the tubercles, reach the soil ready to 
bring about new infections. 

The great importance of the tubercles of Leguminosae is 
that the plants bearing them are capable of taking up free 
nitrogen from the atmosphere and utilizing it, while without 
the tubercles they could not do so.^ If Leguminosae be grown 
in soil rich in nitrogenous food-substances, the tubercles are 
not so well developed. 

According to Schneider,^ the host-plant under the iniluence 
of the Rhizobium produces cellulose tubes, which become filled 
with the fungus. According to Beyerink,^ these tubes consist 
of bacterial slime secreted by the Rhizobium. The epidermal 
tissue of the tubercles consists of a loose layer of cork with 
many intercellular spaces ; this arrangement is stated by Frank ^ 
to facilitate the usual transpiration.® 

' Hellriegel a. Wilfarth, Berichte d, deutsch. hofan, 1889; also Zeit^ehrift 
f. (1. Bubeiizm'ker-Industrie, 1888. 

Ber. d. deutsch. botan. Ges., 1894, p. 11. 

* Cevtralbl. f. Bacterologie u. Para<tifenlundey 1894. 

* B(r. d, deut'ich. botan. Gen., 1892. 

'’Schneider {Bulletin of the Torrey Club, 1892), gives a short account of 
Ainetican lihizohia, and refers to the chief works on tins subject. (Edit.) 



PART SECOND. 

SYSTEMATIC ARRANGEMENT OF THE CRYPTOGAMIC 
PARASITES. 

I. THE PATHOGENIC FCNGI OF PLANTS 

The vegetative body of the Fungi is a thalloid structure 
known as a mycelium, and composed of one or more liyidiae. 
The hyphae are cells included in a firm wall of fungus-cellulose 
of varying composition ; they grow apically, and hence are 
always filamentous in shape. In the simpler cases, the ni} celium 
is a non-septate tube unbranched or branched ; in the more 
complex forms, it consists of a system of hyphae di\ided into 
cells by cross-septa. Ry the union and anastomosing of numeious 
hyphae, a tissue may be formed not unlike the parenchyma of 
higher jdants, lienee receiving the name pseudo-parenchyma. 
From tliis tissue may arise distinct structures of many kinds, 
such as the sporophores of the Polyporeae, or strands oi‘ 
tissue like the well-known rhizomorphs of Agaricut, mdlf'u.s, 
or masses of resting-mycelium like the sclerotia of Claviceps. 
It is also not uncommon to find a differentiation in the structure 
of the vegetative mycelium in the form of lateral outgrowths 
of the hyphae, developed as organs for the collection of nutri- 
ment — the haustoria, — or as organs of attachment — appressoria. 

Reproduction may take place sexually by the union of two 
cells or nuclei, the product of which is a spore or zygote capable 
of germination; or asexually by means of endogenous sporc» 
or swarm-spores, or by the abjunction of conidia of different 
kinds. Sexual reproduction is common amongst the lower 
fungi, but in the higher foims, if existent at all, it is very 
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obscure »and is replaced by numerous and compleK toodfes of 
asexual multiplication. 

. The lower forms of fungi, in the structure of ilie thalliu?, mode 
of reproduction, and adaptation to an aquati^ life, exhibit distinct 
relationship with the Algae, particularly wi^ 

Since the fungi do not possess chlorophyll, ‘tlieir nutrition 
is carried out by the absorption of organized material in a 
saprophytic or parasitic manner. Parasitic fungi are the cause 
of numerous and dangerous diseases of plants, whereas they 
only rarely bring about a diseased condition of the animal body. 
Bacteria on the other hand, which cause so many animal diseases, 
seldom affect plants injuriously. While many parasites are 
strictly limited to a parasitic mode of life, a large number 
naturally spend a part of their lives as saprophytes, and others 
may l)e made to do so artificially on nutritive substrata 
under suitalde conditions. The latter method forms in fact a 
valun])le aid for conqdeting our imperfect knowledge of the 
life-histories of parasitic forms. In addition to the well-marked 
parasitic lungi, theie are many saprophytic forms which become 
parasitic foi* a relatively short time or under special conditions 
of environment. 

The Pungi are divisible into two large groups, the lower 
fungi (Phycomycetes) and higher fungi (Myconiycetes). 

The systems instituted by various investigators differ not 
a little from each other. Three of the principal are : 


De Baby. Zopf. 

(1 ) Ph.\ coin} cetes (1 ) Ph\ coni} cetes 

(2) Ustilagineae (2) M} coni} cetes 

(3) Asconi} cetes (a) Basidiomy cetes 

(4) Uredineae (/>) Uiedineae 

(5) Basidiomycetes (c) I'^stilagineae 

{(i) Ascoiuy cetes 


Brefeld. 

(1) Pli} coni} cetes 

(2) Higher Fungi 

(a) Mesoniycetes 
Hemiasci — Heiuibasidii 

(b) Mycomycetes 
Ascoiny cetes — Basidio- 

niycetes 


We shall in the present work consider the Fungi in the 
following order : 

Lower Fungi or Phycomycetes: 

Chytridiaceae, Zygomycetes, Oomyeetes. 

Higher Fungi or Mycomycetes: 

Ascomycetes. 

Ustilagineae, Uredineae, Basidioiuy cetes. 
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A. Lower Fungi (Phfcomycetes).^ 

The lower fungi possess, at least in their earlier stages, 
single-celled myceUa, which may in the higher families become 
branched. They reproduce sexually by oospores or zygospores, 
asexually by conidia. The Phycomycetes are divided into ; 
Chytridiaceae, Zygomycetes, and Oomycetes. 

(1) CHYTRIDIACEAE. 

The fungi of this family are chiefly parasites on aquatic 
plants, or on land-plants inhabiting moist places. The my- 
celium is one-celled, very rudimentary, or altogether absent. 
Asexual reproduction takes place by the formation of zoo- 
spomngia which usually produce uniciliate swarm-spores. Sexual 
reproduction is rare, and is effected by fructification of one 
cell by a fertilization-tube from another; the resulting bodies 
are zoosporangia which on germination set free swann-spores. 
Hibernation is effected by resting-spores produced from sporangia 
in which the formation of swarm-spores is suppressed, and 
which become clothed in a thick membrane. Some of the 
species cause interesting deformations on the organs of plants. 

The Chytridiaceae include the families of Olpidiaceac, Synchy- 
triaccnc, CladocKytriaceac, Ehizidiaccac, ffypochytriaccar, and Oochy- 
triaceae. Of these, only the first three contain species parasitic 
on higher plants. They occur epidemic only in moist situations, 
and rarely cause great damage to cultivated plants. 

OLPIDIACEAE. 

The whole vegetative body becomes a single zoosporangium 
or a resting-spore. Sexual reproduction is very rare. 

Olpidinm. 

The vegetative body consists of a naked mass of protoplasm, 
the product of a single spore. This becomes later enveloped 
in a thin wall of cellulose, and forms a zoosporangium with a 
long neck through which the cell-contents are ejected as 
uniciliate swarm-spores. The cellulose membrane may become 
thicker and a resting-spore (sporangium) result, which in course 
of time germinates and gives off swarm-spores. 

^ Bibliography— A. Fischer in Babenhorot’s Kryptogamen Flora, 18d2. 

Schroeter in Engkr-PraiUl PflknztnfomUim, 1892. 
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Olpidium brassicae, (Wor.)' { = Chytridmm Irassicae, Wor.) 
Cabbage-seedlings die if this fungus finds its way into the tissue 
at the neck of the root. The spherical sporangia are formed at 
this place, and their long necks project out of j)he cells enabling 
the uniciliate swarm-spores to escape. Eesting-spores with a 
warty thickened membrane occur in the cells of the epidermis. 



PiQ. ‘li.—Chyt) Khum hmsticae, Wor. Cell coiiUiuing three sporanffia, two of 
which are discharging roosporea, one sporangium is alioady empty Resting- 
spores inside the cells of a cahluge-plant. (Aftei Woronin.) 

The disease is favoured by moisture, and restricted by dry 
surroundings. Ground subject to attack should be planted 
with crops other than cabbage. 

Olpidium trifolii, Schroet. { — Stjuichytrium trifolii, Pass.) 
Produces deformation of the leaves and petioles of Trifolium 
repms. The fungus lives in the epidermal cells. 

Olpidium lemnae, Pisch., in epidermal cells of Lemna. 

Olpidium simulans, De Bary and Wor., in Taraxacum 
oficinalc. 

A number of other species inhabit algae, spores, fungus- 
mycelium, pollen -grains, and eggs of Rotatoria. 

The genera Rccssia, Pmudolpidkm, Olpidiopsis, FlcotrachelaSy 
Ectrogella, PUolpidium are parasitic only on lower plants, especially 
on algae. 

SYNCHYTRIACEAE. 

The whole mycelium divides up into a number of sporangia, 
which remain together as a sorus. The winter resting-spores 

1 Woronin, PringsheinCa Jahrhttch f. wisa. Botanik, 1878 (Fig. 31). 
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originate from the whole mycelium or parts thereof, and aie 
isolated op united into a sorus 

S3mchytrium and Pycnochytrium.^ 

Here, as iii Olpidtum, the mycelial hyphae are wanting, and the 
vegetative body escapes from the spore as a naked mass of 
plasma, which is later enclosed in a membrane This \egetative 
bod} may also deielop into a sorus of thin- walled spoiangia, 
these separate in water, and each ejects from a pore numerous 
swarm-spores with a single long ciliuin In the event of resting- 
spores being formed, the membrane of the vegetati\e bod} 
becomes thickened into a brown exospore The resting-spores on 
germination liberate their contents as a single mass, or as several 
zoospores In the former case the single mass di\ides at once 
into zoospores, or into a sorus of spoiangia, which ultimate!} 
give off zoospores 

These fungi are found in the interior of cells especial!} of 
the epidermis The one cell inhabited by the fungus grows 
out as a simple papilla, or se\eral neighlpouring cells are also 
modified, and grow out along with the original one to foiin a 
gall-like swelling The species of SynclKitimm generall} in- 
habit the epidermal cells of land plants, yet disease caustnl 
by them is commonei in moist than in dry situations The} 
cause so slight deformation and damage to cultn ated plants th it 
they are of little practical importance 

The Pycnocliyiiium of De Bary is regarded b} lischer as a 
sub-genus, by bchroeter as a genus 

Synch3rtnum. 

The son of zoosporangia aie formed by direct division of 
the mature sporophore, and are enclosed in the colourless 
membrane of the mother-cell 

Synchytrium taraxaci, De Bar} and Wor (U S America) ^ 
This produces, especially on Tarcuamim, warty galls composed of 
a diseased epidermal cell, enlarged and surrounded by a wall of 

^Schroeter Cohn's Beitrarjf * Bwl d Pjlanzen I , ISTt*), and in Entfler Pranf I 
PflCj^^amdienf 1892 

De Bary and Woronin, Bertcht d nat/orsch Oes zu Freiburg, 1863 
2 We propose to indicate in this way species lecorded in Seymour and Farlow’a 
“ Hoat-ind ex” for North America, Bntish species by ( Britain) (Edit ) 
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less swollen neighbouring epidermal cells. The sporangia contain 
reddish-yellow drops of oil, so that the swellings appear yellow. 
The organs attacked are much 
distorted and more or less 
stunted 

The same fungus occurs on 
other Compositae, and is pro- 
bably identical with S mii- 
(fuintum of Schroeter, which 
produces dark red, crusty swell- 
ings on Cl'} Slum and 

Or<j)is hienni'i 

Along with S f a rcij at i one 
often hnds Olpidium 'iimidmis 
S. ftilgens, Schroeter (U. S 
America), produces reddish- 
yellow swellings on the leaves 
ot Odwthtra hi(nni'> and 0 

, , , Fio 25 — & inc)iyti lu i tai axaci 1 eaves of 

mUl ICCtlCt , when resting-spoies r« axacum o^cmau so deformed by the fungus 
.1 /. -I , that the laminae are all more or less undeveloped 

appear they form brown crusts (v xubeufphot) 

The son of zoosporangia are 

<letached from the host-plant as single sporangia, which 
become scattered over the leaves 

S. trifolii, Pass ( = 0/pi(lmm fiifolii, Schroeter), is as yet 
little known 

Other American species are — 

S. papillatum, Fail, on Gcranmm 
S. decipiens, Farl , on A}np}ncarpaca 

S. vacemii, Thomas,^ on Vaccimum, Cmtlthi}na, Kalmia, 
Rho(lodm(h o'}i , etc 



Pycnochytrium. 

The son of zoosporangia are n«t produced directly from the 
mature sporophore, but the contents of the sporophore pass out 
by a fine opening and form a thin-walled vesicle, the protoplasm 
of which breaks up into sporangia 

Schroeter divides the genus into two sub-genera. 

{A) Mesochytnum, The discharge of the original sporophoie 

^Halsted, “Cranberry gall fungus’' N J&raty Agnc Coll BuUet. 64, Dec 
1889 With figures 
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and the formation of zoosporangia take place in the cells of the 
living host-plant. In addition, spores are formed which have 
a resting i>eriod. 

(B) Only one kind of spore is formed ; it has a resting period, 
and only proceeds to produce sori of zoosporangia after decay 
of the host-plant. 

(а) Ghrysocliytrium : protoplasm contains a yellow oil. 

(б) Leucochytrium : protoplasm colourless. 

Each of these divisions is sub-divided into forms with simple 
vesicles, and those with compound. 


Mesochytrium. 

Synchytrium (Pycnochytrium) succisae, De Bary and Wor.^ 
This parasite forms warty swellings and yellow spots, generally 




^ ^ 1 


Fio, ‘26.^ Synchytrium tuccuac. A, A mature sjwrocarp iuBide its host-cell 
B, In the upper part of the cell a sorus of swanu-sporangria after cscapingr from 
its covennK, which lies below it. C, Isolated swann-sporanffium D, Swarm 
spores. (After Schrooter.) 


on the radical leaves and base of stem of Scahiom succvia. 
Infection is lirought about in damp situations by means of 
swarm-spores. These have a single cilium, and bore their way 
into the host-cell. After entrance, they produce a plasma-mass, 
which becomes enclosed in a delicate membrane. The cell so 
formed sprouts at its uppermost pole, and gives rise to a new 
spherical cell, into which the older discharges itself. In the 
second cell numerous small sporangia are formed, so that it 
represents a sporangial sorus; beside it is always found the 
empty membrane of the first cell The sorus breaks up later 
into single sporangia, which on opening, set free their contents 

^Schroeter, “ Pflanzenparasiten aus d. Gattung Synchytrium.” Cohn'n Beitr, z. 
Biolog. d. PJlanzen, 1875. 
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as zoospores swarming by means of a cilium. In addition, 
resting-spores are developed singly or in groups. 

The first effect on the host-cell of the entrance of a swarm- 
spore is that it becomes distinctly larger. At the same time 
neighbouring cells are so stimulated that they multiply and 
form a prominent ring-shaped swelling. The sporangia discharge 
their zoospores on the host-plant itself, and these pass into 
other cells of the swelling ; here they form resting-spores and 
the host-cells die. Schroeter states that the resting-spores may 
be found from August onwards. 

S. stellariae, Fuck. On Sfellaria media and S. nemontm. 
The reddish-yellow hemispherical swellings are produced on leaves, 
stems, flower-stalks, and sepals, either isolated or as a crust. 
The resting-spores generally form brown crusts. The host-leaves 
may be somewhat crumpled, but beyond this undergo little de- 
formation.’ 

Chrysochytrium. 

(1) Forming simple vesicles: 

Synchytrium myosotidis, Kuhn (U. S. America). The epi- 
dermal cells when attacked swell up to form club-shaped 
processes, while the cells with no fungus remain unaltered. 
The normal hairs of the host-plant are fewer on diseased than 
on healthy parts. This parasite attacks Boragineae, c.y. Myofiotin 
siricta, TAtlmpermum arveym’. 

S. cupulatum, Thomas, produces red eruptions on PotcntiUa 
argenfea and Dryas ocfopetala ; diseased cells of the host-plant 
contain red sap. 

S. punctum, Sorokin. On Plant ago laneeolafa and P. mtdia. 

S. laetum, Schroet. On Gagea. 

(2) Forming compound vesicles : 

S. aureum, Schroet. Attacks many herbaceous plants as well 
as leaves of many shrubs and trees. Frequent on LyAmachia 
Nummularia, Fragaria, etc. The cells attacked are swollen and 
enclosed in a patch of enlarged neighbouring cells. 

S. pilificum, Thomas. On PotcntiUa Tunnentilla. The 
vesicles are hemispherical, and bear on their summits a tuft 
of abnormally elongated hairs. Thomas ^ found this species 

^ Clendenin {Botanical Gazette, 1894, p. 296) describes and figures a Synchytrmm 
on Stellaria media in America (Edit.). 

2 Ber. d. dnitsch. hotan. Oes,, ‘188S, p. 496. 
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on stems, flower-stalks, Radical and cauline leaves, and floral 
envelopes. 

Leucochytrium. 

(1) JJprming simple vesicles: 

S. pnnctatum, Schroet On Qagea prate'ih<ii,s. 

S. rubrocinctum, Magnus, forms little red eruptions on 8axi- 
fraga gmnidata, the cell-sap of the host-^lant becoming red. 

S. alpinum, Thomas. On Vwla Ufiora 

S. anomalum, Schroet. (U. S. America). On Ado La Mosclm- 
tellina, less common on Raniinciduh Fiearia, Isopyruni tJmhctroida 
and Jitmej Acekm. The size and shape of the swellings, as well 
as of the spores, are very variable. 

(2) Forming compound vesicles: 

S. aBemon^B, De Bary and Wor. (U. S. America). On 
Anemone nemoro<iet, A. ramineidoides and ThtdiUrmn purpura- 



Fiq. 27.~Synehytnum aaemoMt The sporocafpa form black pointa on loavoa. 
etioleeandpeiiatith of the Aneqiond, the lamlnw are ahw stunted and distorted, 
r. Tubeilf del) 


seem, attacking stems, leaves, or flowers, and forming eruptions 
whose cells contain a red sap. In .very bad cases, crumpling 
and swelling of attacked organs occur. 
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S. globosum, Schroet. Where the attack is severe, this causes 
pearly swellings or incrustations ; it frequents plants like Viola, 
Galium, Achillea, Sonchm, Mysotis. 

S. merenrialis, Fuck., is very common on Mercurialisk perennis 
though seldom injurious to it. One severe case is thus de* 
scribed by Schroeter: “In spring the stem of the plant was 
covered by a thick unev^ glassy crust, which in course of time 
became raised into wing-like processes running down the stem 
and coated on both sides with white granules of the immature 
parasite ; the leaves were completely rolled together, crumpled, 
and covered with glistening ^prominences as with fine silver sand. 
The plant in this condition developed poorly, scarcely flowered, 
and soon died, so that by the end of September few 
examples could be found.” 

CLADOCHYTRIACEAE. 

The vegetative body is frequently a branched mycelium. It 
lives intercellular as a saprophyte, or intracellular as a parasite, 
and forms intercalary or terminal swellings, in which zoospor- 
angia or resting-spores are produced, then it disappears- Sexual 
reproduction does not occim The parasite lives in and forms 
swellings on aquatic plants, or land plants in moist situations. 
The genera Urophlyctis and Fhysodmna contain species parasitic 
on higher })lants ; together with the saprophytic Clado$pora7igtum, 
these are regarded by Fischer as sub-genera of Cladochytrium, 
and as such they are also here regarded. 

JJrophlyctis has both zoosporangia and resting-spores, Physo- 
derma has only resting spores, Cladosporangium only zoospor- 
angia. 

Urophlyctis. 

The delicate mycelium is unbranched, or only slightly 
branched, and lives endophytic, boring through the walls of 
the host-plant. At the place where a hypha enters a host- 
plant it forms a swelling or collecting cell (sammelzell), which 
generally becomes differentiated into a larger cell rich in contents, 
and an outer smaller one with few contents, but with ^e 
terminal bristles. From the collecting cells new hyphae 
originate and produce other Collecting cells in neighbouring 
host-cells. The zoosporangia are situated outside the host-cells, 
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"but send a hyphal process inside, which branches into a tuft 
of rhizoids. -Eesting-spores may be found, several in each cell. 

Oladochytrium (Urophlyctia) pulposum, (Wallr.), causes on 
leaves, stems, and flowers of Chenopodium and Atriplex glassy 
swellings, in the undermost cells of which are situated the 
zoosporangia. The resting- spores have brown shining walls and 
lie inside the cells. The zoospores are uniciliate. 

01. (Ur.) butomi, Biisgen. On leaves of Bntom'm unibellatus. 
Black spores are produced containing resting-spores. The col- 
lecting cells have tufts of hair. 


Physoderma. 

Zoosporangia are absent. Besting-spores formed, several in 
each host-cell. 

Oladochytrium (Phy.) menyanthis, De Bary (U. S. America). 
On leaves and petioles of Menyanthes trifoliata this forms 
vesicles containing resting- spores. The collecting cells have 
terminal hair-tufts. Diseased leaves are generally smaller than 
healthy. 

01. (Phys.) flammulae, Busgen, forms little swellings on 
leaves of Ranunculus Flammula. 

OL (Phys.) Kriegerianum, Magnus, causes transparent swell- 
ings on Carum Garni. 

01. (Phys.) iridis, De Bary, on Iris pseudxmncs. 

Fischer mentions other species on Scirpus, Alisma, Ranunculus, 
Fotentilla anserina, Silaiis pratensis, Sium latifolmm, Plmlaris, 
Glyccrm, Symphytum, Mentha, Rumex, Allium, etc. 

Brunet^ describes 01adoch3rtrium viticolum as the cause 
of the much-discussed Brunisure of vine ; also OL mori as a 
new disease of the mulberry.* 

The same authority ® designates as Pyroctonum sphaericum, a parasite on 
wheat, which lias become very abundant in Southern France. 


(2) ZYGOMYCETES. 

^ -Unicellular fungi. Sexual reproduction does not take place by 
the fertilization of an ovum in an oogonium by an antheridium, 

^Prunet, Convpt. rmd., 1894. ®Prunet, Compt. rend,, cxx., 1895, p. 222. 
^Prunet, Compt. rend., 1894, ii., p. 108. 
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1)ut by conjugation or union of two cells of the mycelium 
separated off from the ends of two hyphae by transverse walls. 
As a result of conjugation, a zygospore is produced, which is 
a resting-spore and corresponds to the oospore of the Oomycetes. 
The zygospore puts forth a germ-tube, which becomes a mycelium 
bearing sporangia on sporangiophores. From each sporangium, 
spores, never swarm-spores, are set free, germinate, and produce 
a mycelium. Sporangia similar in form to the zygospores may 
be asexually produced on the mycelium. The unicellular and 
much-branched mycelium grows into its substratum, and is 
nourished as a rule saprophytically. The Entomophthoreae cause 
important insect-diseases on Muscidae, (^abbage Butterflies, and 
caterpillars of Trachea pinipcrda (the Pine Beauty). 

Another common group of the Zygomycetes, the Mmorini, 
penetrate into bruised places in living fruits, and produce decay 
(see p. 180). Some other Zygomycetes are parasitic on fungi 
(Conic/ ioholiis), some on animals. 

(3) OOMY(.^ETES. 

These fungi possess a one-celled and much-branched mycelium. 
In their vegetative structure they most nearly resemble algae 
like Vaiicheria. Eeproduction is brought about, asexually by 
means of swarm-spores formed in sporangia (conidia also occur) ; 
sexually by oospores derived from oogonia and antheridia. 

There are three families of Oomycetes : Snprolegniaccae, Mono- 
hlcpharideae and Pcnmosporeac. Two of these groups contain 
parasitic forms : Saprolegniacenc (e.g. Aehyla prolifera, dangerous 
to Fish and Criistacetins) ; and Feronosporeae. 

PERONOSPOREAE. 

The greater number of the Feronosporeae live as parasites in 
the tissues of higher plants, and .obtain nourishment generally by 
means of haustoria. The mycelium, in earlier life at least, has no 
dividing septa, and generally grows in the intercellular spaces of 
the host-plant, and sends haustoria into the cells. Reproduction 
is effected asexually by formation of swarm-spores in sporangia, 
and sexually by means of oospores. The latter are produced 
from the fertilization of an ovum in an oogonium by an antheridjum 
whose contents pass through a fertilization-tube penetratii^g the 
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oogonium wall.^ No formation of spermatozoids occurs, as is the 
case in Vayx^eria and other groups of algae showing close rela- 
tionship to these fungi. In certain cases the formation of 
swarm-spores in sporangia does not take place, but conidia 
are produced, which germinate directly into a mycelium. 

Preventive measures against the whole group consist in 
destruction (by burying or burning) of diseased and dead parts of 
host-plants which contain the hibernating oospores ; by change of 
crop on infected fields ; and by treatment with copper reagents 
(see Chap. VI.). 

To the Peronosporeae belong the genera Fytliiion, Phytoph- 
thom, GysUrpvs, BasidiopJioi'a, Phsmopara, Sclerospora, Premia and 
Peroiwspora. 

Pythium. 

The mycelium possesses no haustoria, and grows both between 
the host-cells and inside them. Cross-septa are not present at 
first, but later these may be found at irregular intervals. 
Pytiuum lives as a parasite in living plants, or as a saprophyte 
on a dead substratum. The conidia are of various forms, ami 
either germinate directly into hyphal filaments, or discharge their 
contents into a bladder where zoospores are developed and 
liberated as free-swimming spores with two lateral cilia. The 
oogonia contain only one ovum-cell, which is fertilized by means 
of an antheridial tube applied to the oogonium. The thick - 
walled oogonia on germination produce hyphae or discharge zoo- 
spores. 

Pythium de Baryanum, Hesse ^ (Britain and U. S. America). 
This parasite is injurious to the seedlings of various plants in 
gardens and fields. Some of its commoner hosts are maize, 
clover, mangel, millet, and many species of the Cruciferae ; it has 
also been found on the prothalli of Eqiiisetum and Lycopodium}'^ 
It may also attack living or dead leaves and tubers of potato. 

The sporangia have a lateral beak-like outgrowth, into which 
the plasma passes and divides into biciliate zoospores. The 

*In many species the fertilization-tulie remains closed e.g, Plasmopara 
viticola. 

2 Hesse, Pythium de Baryanum, Halle, 1874. Atkinson [Comdl Univ. Jgric. 
JC:^t. Stat., Bull. 94, 1895), describes and figures this and other fungi causing 

Damping-ofF. ’ ’ ( Edit. ) 

^Sadebeck, Naturforsch.-Vermmmlung., 1876. 
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Sporangia, however, may first pass through a resting period. 
Sexual reproduction consists in the impregnation of an egg-cell 
by means of a fertilization-tube from an antheridium. The 
oospores are formed singly in each oogonium, and are liberated 
only after decay of the oogonium walls and the tissues of the 
host-plant containing them. After a resting period they pro- 
•duce a germ-tube, which penetrates into the host-plant and 
becomes a delicate branched colourless intercellular mycelium. 
Hi])ernation is accomplished both by these oospores and by resting - 
oonidia, which remain amongst the decaying plant-debris on the 
ground. 

Humphrey has observed sickness and death of cucumber 
seedlings as a result of Pi/, dr Barj/anum. Wittmack found a 
species (By. Sadi beck ianvm) very destructive on peas and lupines^ 
ill various localities; it has been observed frequently since. 

Py. gracile is parasitic on algae. 

Py, dictyospermum, Rac occurs in Spirogyra. 

Py, cystosiphon is found on species of Lemna. 

Py. intermedium frequents piotlialli of vascular crvptogams. 

Phytophthora. 

The mycelium is at first non-septate though much branched. 
It grows both between and through the host-cells, and in some 
species, (r.g. Ph. omnivom), has small haustoria. 

The coiiidiophores branch and produce a large number of conidia 
or sporangia in succession. The first conidia are terminal, but 
are displaced towards one side and thrown off by further 
giowth of the conidiophore to produce other conidia. 

The sporangia distribute their contents as swarming cells with 
two lateral cilia ; the conidia produce a hypha directly. The 
egg-cells are developed one in each oogonium, and are fertilized 
by an antheridium. The spherical oospores germinate in spring 
by means of a germ-tube. 

Ph3rtophthora omnivora, He Bary^ (syn. Ph, fagi, li. Hartig.) 
This is a destructive enemy to the seedlings of conifers, and even 
more deadly amongst naturally-sown beech-seedlings. Death of 
the beech is preceded by brown-spotting of stems, cotyledons and 

^ Verein z. Btf. d. Moorkaltur, 1891. 

‘■^R. Hartig, Zeitschrijl f. Forat u. Jagd-wemn ISld', also, Unttrauehungen aua 
<1, forsthotan. Imt. Munchens, 1880. 
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first leaflets. The disease is spread during summer by conidia, 
or swarmiftg cells produced from sporangia. The passage through 

winter is effected by means of 
oospores, resulting from fertiliza- 
tion of an ovum in the oogonium 
by a fertilization-tube from an 
antheridium. The intercellular 
mycelium is at first nonseptate, 
later septate, and forms small 
haustoria. Seedlings of other 
plants, besides those already 
mentioned, and also succulents 
(c.ff. Sempcrvirim and Cactus) 
may be attacked and killed by 
this same fungus. 

This epidemic cannot well be 
combated except l)y methfxls 
applicable only in the nursery. 
The most eflective method is to 
plant no young seedlings in 
plots which have already been 
di.seased, but to reserve such 
plots for oldei jdants to \^hic]l 
the fungus is not dangerous. If 
tlie di.sease be not very general, 
attacked plants may be removed 
singly and destroyed. Since 
moist air is very favouralde 
to distribution of the disease, 
all nettings or trellises should 
be removed from seed-beds 
threatened l>y attack. In dry 

Fio. 28 -Phytophlhora omnivoia Cotyledon* airy loCaliticS theiC is ICSS 
and pntnaiy leave* in early «tage of attack; | , n. » 

the disease forms brown 8p(>tH where patches ClangCr tO SeecliingS tuail 111 
of mycelium are develojied, 4 natural siae. • i. 

(V. Tubeuf del.) mOlSt. 

The fungus often appears 
in such force that seed-beds of beech or conifers are denuded 
of every plant within a few days, and in the forest be^ch- 
seedlings may, during damp weather, be completely exterminated 
over great areas. 
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Another parasite of conifer seedlings — Fusoma parasiticmm — 
which somewhat resembles Phytophthora, is figured and described 
amongst the “Fungi imperfecti.” 

Phytophthora infestans, De Bary.^ This parasite was first 
observed in Europe in 1845, and has since then become 



liu >') — CelUilai tissue from diseased cotyledon of Beech The starch grains 
have been absorbed from the cell protoplasm which has shrunk awaj from the 
cell wall a, b, I inteieelluldr fungal liypbae with very tiny haustorii, c, r, 
fertilized oogoina, each containing a single oospore (After R Hartig ) 

Fio iO —Phytophthora ommioia on the epideimis of a Beech cotyledon c 
( )uter wall of epidermal cell , b, cuticle , c, hyphae growing between cell wall 
and cuticle, causing the slight protuberance d; «, spot whe^'e a hypha has 
omeiged through the cuticle and developed as a spomngiophore /, after the first 
sporangium has reached maturity a second begips to form, g and h, whereby the 
first is displaced , 1 a stoma from which sporangiophores have developed 
(After R Hartig ) 

only too well known. It attacks leaves, shoots, and tubers 
of potato and other Solanaceae, c.g. the tomato {S. Lycoperdmm). 
The potato leaves become discoloured, brown-spotted, and 
crumpled, especially in damp weather. The sporangiophores 
(^nidiophores of l)e Bary) issue from the stomata in 

^ De Bary, Journal of Botany ^ 1876, and Journal Of the Royal Agrtc. Soctety^ 
1876. 
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tufts, and form a white border round the brown parts of 
the leaf ; 4;hay are monopodklly branched and produce terminal' 
sporangia (gonidia), which are easily detached. The sporangia 

on germination either pro- 
duce a varying number of 
zoospores, or genninate 
directly liljfe conidia to form 
a mycelium capable of pro- 
ducing new conidia. The 
potato -disease is distin- 
guished from Phytophthora 
omnivora in the absence 
of sexual reproduction by 
oospores.^ It is generally 
assumed that the mycelium 
hibernates in potato-tubers, 
from which the fungus 
recommences to spread in 
spring. Boehm, ^ however, 
contests this, and holds the 
hibernation of the fungus 
to be quite unknown, and 
that from the tubers ot 

Fio 31 —Surface of a Beech-seedling with swarm ,i diseased plant, either a 
sjKires a, h , the germ tubes from these penetrate ^ 

Ijetween adjacent epidermal cells, c, sporangium with health V plailt Or nOlie at 
zoospores alreadj germinating inside it, d, f, e, a J t 

germ tube which has penetrated directly into an TBSultS. 

epidermal cell , gr, germ tube which, after growing ^ 

<^ter*^Harti^V its way out The PhyiopMlwCfi potato- 

disease is quite distinct from 
{a) the potato-blight or wet-rot which, according to Boehm, is the 
result of closing up of the lenticels, with a consequent stoppage 
of respiration ; (6) bacteriosis, which will be considered amongst 
the bacterial diseases of plants. 

Lagerheim® has pointed out that Solcmum muruatum 
much cultivated in Ecuador on account of its edible fruit, has 
been for many years subject to attack from Phytophthora 
infostans ; the fruits sicken and rot off before ripening. The 

^This 18 a well-known point of controversy, tor an interesting discussion of 
which we woijld refer to “ Dtseasts o/cropx,^ Worth. G. Smith, 1884. (Edit.) 

^BoeMm, SittungSer. d. ZooL-hotan. Oea., Vienna, 'l 892. 

^ RiviatA* Beualoriam, 1891. 
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same author also quotes the disease on Bolanum caripense 
at Quito, and on Petunia hyhrida at Upsala. . 

The potato disease is above all an associate of moist 
weather. In such circumstances, the conidia are produced 
very rapidly and the zoospores readily distribute themselves in 
the moist soil. There is thus greater risk to the potato crops 
on Wet soils. 

For wintering, potatoes as healthy as possible should be chosen. 
This is particularly the case if the tubers are required as seed ; 
for the fungus-mycelium spreads from the tuber into the shoot. 
Whole tubers are less liable to infection than those cut or 
broken. Some varieties {e.g. thick-skinned) are less easily 
infected than others ; such should be selected and l)red. 

As a preventive measure the leaves may be sprayed with 
Bordeaux mixture, or with a copper carbonate mixture.^ By 
these means conidia and zoospores which alight on the plants 
are killed and their germination prevented. The leaves them- 
selves remain uninjured if the copper compound be used dilute 
enough. These compounds may even be beneficial to the growth 
of the host-plant, as was found by Bumm^ for the vine, and 
Frank and Kruger^ for the potato. 

Frank and Kruger found on using a two per cent, copper 
sulphate and lime mixture, in which the copper is known to b(‘ 
the potent constituent, that the potato leaves were stronger, their 
chlorophyll-contents greater, their power of assimilation and 
tran.spi ration was increased, the life of the leaf was lengthened, 
and the yield and starch-contents of the tubers were increased. 
They regard the effect of the copper on the leaf as the result of 
a chemotaxic stimulus. 

Jensen recommends disinfection of seed-potatoes by heating 
at 40° C. for four hours. 

Ph. phaseoli, Thaxter, lives in young bean-pods and causes 
them to shrivel up. The fungus is as yet incompletely known, 
having only been observed in America where Thaxter * reports 
great destruction of Lima bean {Plimcolvs lunatus) near New 
Haven. 

^See also § 12. Detailed expenments of this kind are frequently described 
in the magazines relating to agriculture. (Edit.) 

®j5er. d. deutgch. botan. Oes., 1895, p. 189. 

* Ber. d. deutach. botan. Oea., 1894, p. 8. 

* Thaxter, Botanical Gazette^ 1889. 
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Cystopus (Albugo). 

The mycelium is branched and grows between the cells of 
living plants, obtaining its nourishment by means of haustoria. 
The conidial cushions rupture the epidermis of the host. The 
conidia or sporangia are smooth-coated, and are produced 
acropetally in chains on short stalks from which they fall off 
separately when ripe. The sporangia germinate and discharge 



Fig 33 —Cystopus candidus on plants of Capsella Iw sa pastoris. The funpis 
has caused distortion and thickening , the white porcellanous conidial cushions 
shew up distinctly on the dark background (v Tubeuf phot ) 


swarming spores with two unequal lateral cilia. The egg-cells, 
produced singly in each oogonium, are fertilized by an anthendium. 
The thick-walled oospores remain enclosed in the intercellular 
spaces of the host-tissue, and on germinating in spring discharge 
swarming spores. 

Cystopus candidus (Pers.) Lev, White Rust. This fungus 
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is very frequent on wild and cultivated Cruciferae throughout 
the whole world, and causes deformation of shoot, leaf, and flower. 



Fia 34 —Ci/xtopuii canihilttit B, ComdiophoreB isolated from tlie cushion , the 
couidia or sporangia .ire united by intermediate cells C, Sporangia breaking up 
to form swarm-spores 1), hwarm-sporcs escaping E, Swarm-spores in motile 
condition. Swarm spores come to rest and germinating. &, Iwo geim-tubes 
entering a stoma of Lipidium tataum; the stom.i is shown from the inside, so 
that the spores from which the germ tubet arise are on the outei surface and 
unseen (After lie Bary ) 
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Fio 35 —Flower of Radish (Raphann* mliviit) hypirtiophied by CyMopu* 
candidvt The much enlarged ovary stands out in the centre. The anthers aie 
haf-like; the petals an much enlarged and bang downwards; the sepals ore 
somewhat enlaiged (Specimen from Botanical Museum of Erlangen, and 
photographed by Dr. Bniiis.) 


The conidial cushions form thick white stripes with a porcellaneous 
appearance, by which they are easily distinguished from the 
cushions of Peronospora parasitica often present on the same plant. 
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Besides conidia, spherical oospores may also be present ; these 
are generally produced on the stems of the host-plant, but also 
on flower-stalks and ovary-walls. 

The spherical conidia arise in simple chains on short coni- 
diophores, and are loosely connected by tiny intermediate cells. 
The conidial cushions rupture the epidermis and the ripe conidia 
fall off' to produce biciliate swarming cells (Fig. 34). These 
give rise to germ-tubes which enter the stomata of seedlings and 
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Fio M) —Flower of Radibh hjjwitrophled by Cytlopm landidvg The white 
swollen tonidial cushions occupy the enlarged petals, sepals and o\aries (Dr 
Bruns phot ) 


develop to intercellular mycelia, fine short lateral twigs of 
which pierce the wall of the host-cells and become little 
spherical haustoria. 

The oogonia arise as thick-walled spherical swellings on the 
mycelium. The antheridium, after applying itself to the oogonium, 
widens and projects a fine fertilization-tube through the wall to 
the egg-cell. After fertilization is effected, the egg-cell is enclosed 
in a firm uneven membrane, and hibernates inside the oogonium. 
In spring the plasma of the oospore forms numerous biciliate 



126 


PHYCOMYCETES. 


swarm-spores which escape from the enclosing coats and germinate 



on seedling plants. 

Be Bary ^ found germ-tubes of 
Gystopus entering all the stomata of 



Lepidium mtivum and of Gapsella, 
but they only developed further if 
the part attacked were the cotyledons. 

Magnus 2 observed an infection of 
Raplmnus Eaphanistrum in which the 
unopened buds were infected by swarrn- 
spores. Oogonia may be found in the 
flowers of this same plant, whereas 
donidia alone only are present in 
Capsella. 

White rust is most commonly 
observed on Capsrila, causing slight 
local swelling or marked liypertrophy. 
It is also found to injure radish 
{Rdphanas m,tivus), horse radish 
{CockJi'aria arnioracui), cress {Lepidium 
species of cabbage and 
turnip {Brassica Napus, B. tiigray B. 
Rapa, B. oleracea), wall- flower {Chcir- 
anthiis Cheiri)y water cress {Nasturtium 
amphilnitm, etc.), caper-plant {Capparu 
spinosa)y and other wild and culti- 
vated plants belonging to, or closely 
allied to the Cruciferae. 




Wakker** investigated the changes 
brought about on a number of Cruci- 
ferae by Cystopus. Some plants showed 
little or no deformation or anatomical 
alteration, others showed much. While 


Fig. m.-~cy»topu» portniacat, D. c. the anatoiiiical chaugcs in the various 

m, mycellAm ; t, basidia ; c, spores . . , , . , 

with intermediate cells. (After specicB exaiiimed agreed in general, 

Tulasue.) \ , i j • 

yet some showed a predominant or 


Exclusive formation of conidia, others of oospores. The changes 


^Morphology atid Biology of the Fungi, Englisli Editiou. 
Abhand. d, hotan. Vereim d. Prov. Brandenburg , xxxv. 
Pringekeim'a Jahid)uch, 1892. 
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observed on Capsella may be summarized! here: the fungus 
attacks all parts above ground, and causes enlargement of 
parenchymatous cells ; it forms only 
conidia ; fonnation of chlorophyll is 
increased; the formation of interfasci- 
cular cambium is diminished or altogether 
suppressed ; the intrafascicular cambium 
retains its activity longer ; accessory 
vascular bundles make their appearance ; 
no differentiation of tissue takes place 

in the ovary wall, the secondary vessels remain incomplete, 
and the embryo dries up. 

C. portulacae, D. C. On Portidaca oleracea and P. sativa (U. S. America). 

C. tragopogonis, Pers.^ (C. spinulosm) (Britain and U. S. America). On 
( ^ompositae, e.g. Chamomilla^ A chdlea^ Cirsium^ Scorzonera^ etc. Tlie markings 
on the spore- coat take the form of a double net-work. 

C. convolvulacearum, Otth. (C. ipomoeae-panduranae^ Farl.). On Con- 
mlmdaeeae. (Halsted " gives this as one of the causes of rot in sweet potato 
in America.) 

C. bliti (Biv.-Bern.). On species of Amarantaceae (U. 8. America). 

C. lepigoni, de Bary. On Spergularia (Britain). 

Basidiophora. 

The non-septate mycelium inhabits intercellular spaces of 
living plants, and is nourished by small haustoria. The conidio- 
phores issue in tufts from the stomata, and have a characteristic 
form ; they are unbranched with club-shaped ends, from which 
arise several sterigma-like conidiophores with almost spherical 
conidia. The conidia or sporangia are produced in large numbers, 
and on germination discharge numerous zoospores with two 
lateral cilia. The oospores are formed singly in the oogonia, and 
appear as yellowish-brown bodies in the interior of the plant. 

Basidiophora entospora, Koze and Cornu. On Erigerm cana- 
densc, Aster, Solidago, etc. (Britain and U. S. America). 

Plasmopara. 

The mycelium is richly branched and grows intercellular, 
nourished by little button-shaped haustoria. The conidiophores 

^ Magnus, Ber. d. deiUach. botan. Ges., 1893. 

* Zeitschrift /. PJlanzenkrankheiten, 1896, p. 338. 
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arise in tufts from the stomata ; they are branched in various 
ways, and from each branchlet a single conidium is abjoiijted. 
The contents of the conidia emerge as swarming cells with two 
lateral cilia, or as vesicles which emit a germ-tube. The egg-cells 
occur singly in each oogonium, and are fertilized by an antheridiuin. 
The oospores remain long enclosed id the thick-walled oogonium. 



Fio^ 39.— PitMtMojxim viticola. Vine leaf with white spots on the under surface, 
from which tufts of eonidiophOToe emerge, (v. Tubeuf del.) 


Plasmopara nivea (Unger). (Britain and U. S. America). 
Inflicts great injury on various wild and cultivated Umbelliferae, 
e.gr. carrot {Daucui Garota\ parsley {Petroselimm sativum), phervil 
(Anthriscus Cerefolium), 

Pla^opara viticola, Berk.^ The Downy or False Mildew of 

^Bibliography. De Bary, AnncU, d. set. not., 1863. Viala, IMe PUze d. 
Weinatoc^i with good bibliography. Prillieux, Annal. de. V instil, not. 
agronomigtu, 1881. Cornu, Le Pirmoapora dea Vignea, Paris, 1882. 8ajo, 
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the Vine. This parasite was introduced into Europe from 
America.^ It makes its appearance in early summer as white 
patches on the under surfaces of leaves, sometimes also on stalks 
and fruit. In the course of the summer the leaves show brown 
spots and dry up 

The white patches consist of tufts of branched conidiophores, 
from which ovoid conidia are ab]omted These on germina- 



ViQ ^ —Plamopa'ta viheola Comdiophorts, much enlarged (v Tubeuf del) 


tion in rain-drops discharge six to eight swarming cells from 
which germ -tubes grow into the epidermis of the host-plant , 
thus the disease spreads rapiuly during moist weather and a 


PeA^nospora viUcola, 1890 Magnus, G<^rten~nf, 1883. 

Jtepoitof U.S. Dipt of Aquinlfure lor 1886, pp 96 K ) this contains an 
excellent account of this mildew Atticles on this subject dealing ^i^h i-emedia 
measures are frequently published m tie U b Amei. 

bulletins, m the bulletins from expeinuentdl stations, and in the horticultural 
journals 

1 Seymour aadFarlow gne it as occuimg on every American species of T 
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wet season is very favourable to it. The mycelium is non- 
septate and spreads through the intercellular spaces of the host, 
nourished by button-like haustoria sunk into the host-cells. 
The antheridium comes into contact with the oogonium by a 
fertilization tube, which, however, remains closed. The oospores 
hibernate in leaves and fruit. 

Prevention.} Ammoniacal copper carbonate solution, eau 
celeste, or Bordeaux mixture, prepared as described on p. 6'9, 
may be used. ^ The lirst-named solution seems least liable to 
injure the foliage; the others must, on this account, be used 
with care. The first application is made about the time the 



berries are well formed, and the sprayings are repeated every 
twelve to fifteen days, or oftener if there are heavy rains, till the 
grapes begin to colour. It must, however, be remembered that 
sprayings of this kind do not reach the mycelium inside the leaf, 
but only act superficially, killing any developing conidiophores 
or conidia which may alight on the leaf. These fungicides are, 
at the same time, remedies for powdery mildew (Uncinala). 

“ Sulphuring” as a remedy for this and the powdery mildew 
has been recommended by continental writers.^ The burning 
of all diseased vine-leaves is strongly recommended. Attention 
also should be given to the cultivation of disease-proof varieties.® 

PI. pygmaea (Unger). On Rauuiicnlaceae (Britain and U.S. America). 

PI. pusilla (De Bary). On Geraniums. 

* Galloway, “Fungous diseases of the grape and their treatment,” U.S. 
Dept, of Ayric., Farmern^ Bulletin, No. 4, 1881. 

‘-^Oesterr. Weinbaukongress, 1891. Reported in Oest. landwirth. Wochenblatt, 
X., 1881. 

^Millardet (see Chap, vi.) 
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PI. viburni, Peck. On Y^urnwm (U.S. America). 

PI. denia (Eabh.). On Scrophularineae (Britain), 

PI ribicola (Schroet.). On Rihes ruhrum (U.S. America). 

PL epilobii (Eabli.). On Epilohium palmtre^ and E. parvifoUum. 

PI. obducens (Schroet.). On cotyledons of Impatiem (U.S. America). 

PL geranii (Peck.). On Geraniums in America. 

PL Halstedii, Berl. and de Toni. On Silphium, Rudheckia, Helianthus^ 
and many other American Compositae. 

Sclerospora, 

Mycelium intercellular in living plant-tissues, and deriving 
nourishment by means of haustoria. The conidiophores are 
thick, short, and divide at their apices into short broad branches, 
from each of which a single conidium is ab jointed. The conidia 
in germinating discharge swarming cells. One oospore is formed 
in each oogonium. 

Sclerospora graminicola (Sacc.) lives in several species of 
Sda}ia (U.S. America). 

Bremia. 

Mycelium intercellular in higher plants, and nourished by 
little button-like haustoria. 
and at their apical ends 
become swollen in a char- 
acteristic manner, so as to 
resemble a hand held cup- 
like with the fingers project- 
ing separately upwards, like 
the tentacles of Hydra. The 
conidia are abjointed singly 
from the tentacle-like pro- 
cesses, and germinate, emit- 
ting a germ-tube through a 
definite thin spot in their 
coat. Oospores originate 
singly in oogonia. 

Bremia lactucae, Peg. 

{Peronospora ganglion iformis 
Berk.^) (Britain and U.S. America). The richly-branched conidio- 
phores appear singly on attacked parts of plants. This fungus 
’Cornu, Compt. rend., 1878, 


The conidiophores are branched, 



Fig. i2.—Bremta lactucae. (v. Tube if del.) 
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may cause considerable damage to the lettuce {LacUua sativa), 
this being especially the case in France The parasite is most 
dangerous m forcing-houses during winter or early spring, and 
spreads rapidly, favoured by the damp atmosphere The young 
diseased plants are stunted, and take on a pale colour. Early 
removal and destruction of diseased plants is to be recommended, 
also abandonment for lettuce-cultivation of infected houses oi 
frames 

In addition to lettuce, this Tungiis attacks a iiumbei of 
Compositae, eg Cincrmm, SoiuJms, etc 

Peronospora 

The mycelium is mtercelliildr in liMng plants. The haustorn 
may be simple, button-shaped, or thread-like, or ma} branch 
inside the host-cell The long and much-branched conidiophoi ts 
produce conidia smgl} at the ends of their branches The 
conidia pioduce a germ-tube The oospores are brown coated 
and are formed smgh in the oogonia , thej germinate in spring 

Peronospora Schachtii Fuck^ is injurious to the innei 
lea^es of sugar beet and mangold {Beta while }oiing 

seedlings are killed by it The m}celium hibernates in tlu 
roots, as }et oospores have not been found 

P efifusa ((aev) This causes in]ui} to spinach {Spimeta) 
oleraua) and othei ( lienopodiaceae (Britain and U America) 

P Schleideni Tng Kills the leaves of cultivated and wild 
t-pecies of onion {Alhim) (Britain and U S Ameiica) 

P dipsaci Till Injures stems and leaves of sijlnqn 

and D FuJUunun 

P knautiae Fuck, of Kiumtia and Bcrthiom, is probabl} identi- 
cal with last 

P VlCiae (Berk ) (Britain and U S Ameiica) A dangerous 
species to nnnv Bapilion iceae (especiall) peas beans, tau^' 
lentils, etc), often causing gieit damage to held ciops In 
recent yens the new fodilci jjlant Ldhipa^ syJnstns has bcin 
fi equen tly att ic k ed ^ 

P. trifoliorum De Bnj (Biitain and FS Ameiica) Dis 
tinguishcd fiom the prectdin,^ foini b} its iiregularl) ni iikcd 

^ KuliTi, Botau Z liuiti ISTI 

Z it'idinfl f Pflun. enJtanUintdi, ii p 225 and 28d 

‘Smith (/ C Of H, London 1SS4 
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oospore-coat (oospores of JP. viciac have a coat with a regular net- 
work). It occurs on stems, leaves, and petioles of clovers, lucerne 
and other Papilionaceae, often with disastrous effect. 

P. sparsai, Berk. (Britain and U.S. America). This parasite 
on the rose was first observed in England. It injures indoor 
roses, causing a fall of the leaf, preceded by the appearance of 
lilac-coloured spots which, on the underside of the leaf, are closely 
beset with a white coating of conidiophores,^ 



Fio. 43 — PiJOfwsywHf, Couidiophoics and comdu. (v Tubeuf del.) 


P, arborescens (Berk.). On leaves and shoots of wild and 
cultivated [)oppies , especially injurious to seedlings of garden 
species. 

P. parasitica (Pers.) (Pritain and U.S. America). This pro- 
duces greater or less deformation of attacked stems of many wild 
and cultivated Cruciferae. Amongst cultivated plants the most 
liable to injury arc the varieties of turnips and cabbage, radish, 
rape, cress, wallflower, also the mignonette. It is generally found 
along with Cy^topu^ mmhdus on shepherd’s purse {Capsclla). 

P. cytisi, Bostr.,2 attacks seedlings of laburnum in Denmark, 
causing death in a few days. The leaves become brown spotted, 

^ ZtiUckrift f. P,-l:rank., ii., p. 386, (description of attack in Silesia.) 

" Rostrup, Zeitschrifl f. PJlcinzenkrankhtitfen, 1802. 

Magnus, Hedmyia, 1892. 
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and branched conidiophores with light-brown conidia arise from 
their underside. Numerous oospores may be found in the leaves. 
Kirchner ^ observed the disease on leaves of four-year-old plants, 
yet without injurious effects 

The following are other British or American species 

Peronospora ficanae, Tul On Ranunculm, Myomnis, etc 

P. coiydaks, Be By On Corydcdu and Ihcentra 

P. violae, Be B) On Viola tncoloi 

P. arenariae var niacro«!pora, Fail On Sdene 

P. alsineanim, Ca'^p On Cerastium 

P. claytoniae, Farl On Claytonxa 

P. hni, Schroet On Linum. 

P potentiUae, Be B 3 On Rosaceae eq Oeum^ Fragaria, and Votentilla, 
P Arthuri, Farl On Oenothera 


6 



Fig 44 — Pcrono^po) n ahinearun Sexu il or«faii<i n loiing cod Jitioii I for 
mition of ovum and fertilization tube e after fortili/ition (peripl ism Home 
what contracted bv preparation and the fertilization tube unusuallj thick) 
n authcndium < logonium x 350 (After De Barj ) 

P leptosperma, Be B 5 On Coinpositae c 7 irtemiioa 
P Candida, Fuck On Androsare and othei Piimulaieae 
P cynoglossi, Bnitill On Cynoglossvm 
P myosotidis, Be B 3 On Myosotis and Et'lunospomwn 
P sordida, Berk On Nicotiaua and Scrophulana 
P hyoscyami, B B\ On Tobacco in America and AuHtralia {bard 
Chron ix ) 

P hnariae, Fckl On Lmana 
P gnsea, Ung On 1 eronna 
P lophanti, Farl On Lophanthim 
P alta, Fckl On Plantago 

P (Plasmopara) cubensis is leported^ as canising an extensive and 
destructive disease of cucumbers {Cncunm and Cucurhita) 

P (Plasmopara) australis, Speg On Echnocygtts lohata and Sicyos 
angulatwt in America 

^ Kirchner, Zeitnchri/t / PJlaiizenlranLheiteu, 1892 
« Humphrey, Report of the Mam Aqric Exper Slat, 1890 92 
e, Gardener’s Chrmicle, Vol xiii, p 656, 1895 
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P. oxybaphi, Ell and Kell On various Nyctaginaceae 
P polygom, Thum On Pdygonum 
P. euphorbiae, Fuck On Euphorbia 
P urticae (Lib ) On Urticaceae 
P elliptica causes death of lilits ’ 

B Higher Fungi (Mycomycetes) 

The higher fungi are distinguished from the lower in possessing 
a mycelium, which, from the first, is divided by means of cross- 
septa The mycelium of the lower fungi, though often much 
branched, remains unicellular till cross-septa arise on formation of 
reproductive organs or in the older stages of the fungus^ In 
higher fungi, septation begins with the first appearance of 
mycelium and extends aciopetally, growth in length proceeding 
from the terminal cell Sexual organs are without doubt present 
in the lower fungi, but amongst the higher forms, Brefcld believes 
that the sexual act no longer exists On the other hand, certain 
oigans, found especially in the lichens, Lave been regarded as 
sexual 

Dangeard regards the union of cell-nuclei as a sexual act, 
and assumes its existence in the asci and basidia of higher 
fungi His 11101 e recent investigations on the nuclei of fungi 
combined with those of Pairault and Itaciborski, have laid the 
way to a new systematic ariaiigement ^ Just as amongst the 
lower fungi the cell produced b} a sexual act contains a nucleus 
derived from the fusion of two nuclei of distinct origin, so amongst 
the highei fungi one also finds cell-nuclei derived from copulation 
The investigations of Bangeird, lioseii, Wagei, Pairault and 
Eaciborski, lead to the conclusion that ^ “a stage may be 
found amongst higher, as well as lower fungi, m which two 
cell-nuclci of one cell copulate The cells known as oospores 
of the 0o7nifc<tc% zygospores of the Ardumycett s and Zygomyides, 
chlamydospores of the UddagiMcu , and teleutospores of the 
^ Smith, Disease of Lilies, 1888 

Zopf Die Pilze, 1890 , and Beitraqc z Physiol u morphol niederer Orqamsmen, 
Helt in , 1893 

’Dangeard “ Recherches sui la reprod sexuell d champignons” he 
Botanist e, 1893 Pairault and Raciborski “Sur les noyaux des Uredinees’ 
Jour de Botanique, 1895 

^Raciboraki Flora (erganzunysband), 1895, p 439 Compare also Stras 
burger “ Ueber periodischeReduktion d Chromosomenzahl im Ent-vuckelungsgang 
d Organismen,” Biol Ccniralhlaft, 1894, p 862 W agei ‘ Nuclear division in 
the Hyrnenomycetes,” Annals of Botany, 1893, p 490 
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Uredincae, we designate amongst the Ammycetes, as asci, and 
amongst the Protomyceies and Basidiomycetes as basidia. This cell, 
a humologue of the primary embryo-cell of the Archegoniatm 
and Bmbryonatae, indicates a turning-point in the development, 
the beginning of a new generation. It either becomes a resting- 
spore, as in Phycotnycetes, Ustilagineae, Uredincae (exclusive of 
Coleospormm and CJirysomym), or divides at once to form free 
endospores as in the Ascomycetcs, and exospores in the ProUmycetes 
and Basidiomycetes. From these facts the distinction between 
basidiospores and conidia, asci and sporangia, teleutospores and 
chlamydospores, has been for the first time distinctly proved.” 

ASCOMYCETES. 

The Ascomycetes show relationship to the higher fungi in the 
possession of a septate mycelium. Their spores are produced in 
cylindrical sacs called asci, whence the name Ascomycetes is 
given to the group. 

The primary nucleus of each ascus results from the copulation 
of two nuclei of distinct origin and with no relationship to each 
other. From the division of this nucleus and its daughter- 
nuclei, there are produced a number of free endospores varying 
according to the species. These may remain unicellular or, by 
means of septa, become many-celled bodies from each of whose 
individual cells germ-tubes may develop. It is advisable to give 
the name spore to each cell-group whieli develops from one 
nucleus.^ 

Ascospores are never zoospores, but are always quiescent and 
possess a cell-membrane. They are generally forcibly expelled 
from the asci. The asci originate either directly from the my- 
celium, as in the Saccharomycetes and some Exoasceae,^ or a part 
of the mycelium becomes difierentiated into an ascogenous layer. 
The ascogenous layer may include only a few cells, as in the 
lower forms, or it may be a complex tissue. In the higlier forms 
the aggregations of asci are enclosed in coverings, but the asco- 
genous layer takes no part in the formation of the enclosures 
nor of the accessory organs known as paraphyses and periphyses. 

’ De Bary held that each individual cell cajiable of germination is a spore, the 
single miilti-cellular spores he designated sporidesmia. 

“Habsen, CentrcdU. f. Bacteriologie und Parasitenkunde, 1893. 

Sadebeck, Die parasitiachen Exoaaceen, 1893. 
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This ascogenous layer has been named the ascogonium, and it 
was at one time generally believed that it arose from a female 
cell, the homologue of the oospore of lower fungi , a hypha 
which applied itself to the ascogonmm was regarded as a male 
or antheridial oigaii, and called a pollmodium In other cases, 
a thread-like hypha, which pioceeded from the ascogoniura, was 
called a tnchogyne , it was believed to be fertilized by means 
of certain very binall cells (speimatia) produced in special 
structures, the spermogonia These spermatia, though known 
for a long time, have only recently been made to geiminate, and 
that only in nutritive solutions The significance of the pol- 
linodium as a male organ is not necessaril} wrong, though it 
may be a functionless structure, such as we already know 
antheridia of many of the Phycoraycetts to be So also we may 
still consider the spermatia as sexual bodies, even though they 
germinate like spores, for then never-failing production before 
aecidia would seem to suggest some lelationship In the 
following pages we will speak of these little sjiores, sometimes as 
spermatia, sometimes as conidia 

Eeproductioii of Aseomycetes may also take place by eonidia 
and chlamydospores, capable of geimination to form mycelia 

Amongst the Aseomycetes one fands the higher stages of de- 
velopment accompanied by an almost complete enclosure of the 
<iggregations of asei The asci of the baccharoinycetes originate at 
any spot w natcvei between the mycelial threads , in Chjmnomcfiis 
one finds a loose web of myctlium foiming a covering to the asci , 
in higher forms an enelosuie (spoiocarji) of definite shape is 
developed On this account, the forms which do not produce 
sporocarps aie classed together as Gymnoasci, the sporocarpous 
forms as ( aipoasci Amongst the latter, the sporocarp of the 
higlui forms possesses a definite opening fiom which the spores are 
emitted afrei liberation fiom the asci , certain lower forms (Peri- 
sporiaceae) ha\ e indeed sjioroctirps, but these possess no opening, 
and It IS only after they have ruptured or decayed that the 
spores are set free 

A Gimnoasci 

{AscomycUu uithout Spoiocarps ) 

The asci are produced ovei the whole mycelium, or from a 
special ascogenous part of it, and are never enclosed in a sporo- 
carp. 
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The genera placed in the Gymnoasci are: Dipodascus, Ere- 
mascus, Ascoidea, ProtomyceSj Taphrina, Exoascm, Magnusulla^ 
Saccharomyces, Momspora, Eifidimyees, Podocapsa, Eremothecium, 
OlHna, BargelUnia, Ascodesmm, Gymnoascus, Ctenomyces. 

Protomyces, Taphrina, Exoascus, Magnmiella, are true parasites 
of higher plants: Endomyces, Ascoidea, and Saccharomyces occur in 
the flux diseases of trees ; the others are saprophytes, or 
parasites on fungi {Podocapsa). 

Protomyces.1 

The genus Protomyces possesses a septate mycelium, and 
in this shows relationship with the higher fungi. It is also 
distinguished by the formation of sporangia (asci), which are 
produced in an intercalary manner like the chlamydospores of 
the Ustilagineae. Conidia are also developed, which sprout 
yeast-like and conjugate like those of many Ustilagineae. 
Thus Protomyces stands in one direction between the sporangi- 
ferous lower fungi and the Ascoraycetes, and in another between 
the Ascomycetes and the non-sporangiferous Ustilagineae. 
Brefeld allocates them with the Ascoidea and Theleboleae to 
his intermediate group the Hemiasci. De Bary {Comparatin 
Morphology of the Fungi) agrees with Fiscli in ])lacing them 
between the Chytridiaceae and Ustilagineae, but in his *‘Pntragen” 
consideis them as the simplest forms of Ascornyceter^. 

In any case they do not show very close relationship with 
any group. 

Protomyces macrosporus, Ung. (Britain). This parasite li\'e'^ 
by means of an intercellular septate mycelium in leaves and stems 
of Umbelliferae, especially Aegopodium Podagraria, Chaeroph yll urn 
hirsutum, Hcradcum Sphondylium, etc. It also causes injury to 
cultivated carrots. 

The disease shows itself externally as pustule-like swellings 
on the organs attacked. These are caused, as shown in the 
figures, by a mycelium which pierces the epidermis, and, after 

^De Bary, Untfirmchungen ub. d. Brandpike u. d. durch nk verurmchfen 
Krankheittn d. Pfanzeii. Berlin, 1853. 

De Bary u. Woronin, Btitrage z. Morph, u. Phyniol. d. Pilze, 1. Bd., 1864. 

Fisch, Beitrage z. Kennlnisn d. Chytridiaceen^ 1884, p. 41. 

Brefeid, IJefepilze, p. 176. 

B. Meyer, “ Untersuchungen ub. die EntMuckeluug einig. parasit. Pilze bei 
saprophyt. Ernahrung.” Inaugural Dissertation, 1888. 
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distributing itself through the intercellular spaces, stimulates the 
parenchyma-cells of the host to growth and cell-division. The 



Flo A'’) —Piotomycei maaosporus on leafstalk of Aeoopodtuni Podagraiia 
A, Mycelinm and sporangium in the tissue under the epidermis B, Sporangia 
111 stages of development (v Tubcuf del ) 


latter is a secondary process and consists (see Fig. 9) in'* the 
formation of exceedingly delicate membranes inside the original 



Fio 46 —Piotoviijces mficros}torus Section of petiole of Aigopodium with two 
swellings containing spores Secondary cell walls have been formed, and a 
collenchyma region lies iietween the two swellings (v Tubeuf del ) 


cells of the parenchyma, so that they become divided into 
younger cells rich in protoplasm and each showing a distinct 
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cell-nucleus. This tissue so formed may be compared to the 
nutritive tissue formed secondarily from parenchyma as a result 
of other fungoid diseases, e,g, in violas attacked by Urocystis 
violae. If the formation of sporangia ensues in parts which 
would normally become collenchyma, the tissues there remain 
thin-walled. 

The sporangia of Frotomyccs, according to De Bary,^ begin to 
develop as soon as the young leaves and shoots of the host- 
plants emerge above the ground in spring. The sporangia first 



Fio. il. — Piotohiyces maaosponu. Section tbiou^h swollen leaf-stiilk of Aef/o- 
pothum Towards the light end the colls are normal, elsewhere they are, under 
the influence of the mycelium, much enlarged and secondarily divided; two 
roundish sporangia he lu this tissue, (v Tubeuf del.) 


appear as series of swellings on the hyphae and are easily 
detected in deformed plants as large thick-walled bodies lying 
in the intercellular spaces. They are liberated on decay of the 
host-plant, and in spring the contents swell np so as to rupture 
the thick outer wall, and the endosporium emerges as a vesicle 
or sporangium into which the protoplasmic contents pass to 
form numerous rod-shaped spores. The spores are ultimately 
expelled with considerable force, and, after conjugating in couples, 
they send forth a germ-tube which penetrates again into the 
tissues of the host-plant. 

’ De Bary, Beitr&ge z. Morph, u. Phyml. d. Pilze, abo Botan. Zeitimg, 1874. 
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In nutritive solutions germination does not take place in this 
way, but is replaced by a yeasi-like sprouting of the sporangial 
spores without disjunction of the sprout cells ^ 

According to Meyei, these sprout cells produce elongated 
hypha-like cells with which, however, he did not succeed in 
infecting a new host plant He also found that spore-conjuga- 
tion takes place better in water than in nutritive solutions 
Pr fuscus Pk occurs on Anemone in America 
Pr pachydermus Thum oc curs on Compositae esp Tai axacum 
Pr radicicolus Zojif^ A form similar to P macio^orw^ 
but furnished with coiled haustoria It lives intercellular in roots 
and kills the cells, without however causing external hypertrophy 
Zopf found It in loots of Si'tfha Chysniitha and AchiJha 
(hfinolata in the botanic garden of Halle but the plants were 
not killed because their roots were not all attacked^ 


Endomyces 

The Lsci contain four spores which do not produce conidia 
The steiilc hyplue gi\e rise to chlaiu} dospores and an oidial 
form of spore 

Endonijus (hcLpum lives as a parasite on sporophores of 
Agaiuus mdlias 

According to Ludwig, species of Endomyces have much 
to do with the slirnc flux of trees, which contain in addi- 
tion other forms of Gyrnnoasci ( y Saaharomyas Lmht%g%%, 
Asioidta iidu<^((ns etc We shall here devote some space to 
the general consideration of the slime-flux of living stems 
This phenomenon remained uniiuestigatcd until Ludwig took it 
up and directed attention to it He found several species of 
consideiable s\steniitic interest, the pathological effects of which, 
however, lecpiirt further investigation 

’ Biefeld Schimmelf il ( Htft i\ , 1891 

Zopf Ziir Keiintins'i d IvftchonsLrankh medeiti Thteie u PJluit en, 1888 

* Saccaido who laiiks the Piotoniycetes along with the Chytiidiaceae includes 
a large nuinbei (f sptcics Miguus places Profomyce'i ( ) plicinm Niessl (1 ei 
haul f/ex infeyvaf I otan hot pfs*. m Genoa 1892) m the neighbourhood of 
the Pliycouiyiat', it howc\ci possesses a septate ni’scclium and stylospoies 
which aie enclosed in a (oat sothit thiy leoall spoies of the Uiedmeae hence 
Magnus named it Ui It oj si Jiliiina on Phi fopteiis ml /art ‘t This species 

must not be tonfusel with the species of Urtdo oecunm^ on Phegopteris 
J} yoplens, Cy'itopteiis fiojihs and Scolopindnum ofiiinal 
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The Slime< or MHcilas^^^ux of Trees. 

■ This is a very common phenon^on in our avenues, parks, 
and forests. It can be observed diuriQg the period of vegetation 
on several species of trees, particularly on spots wounded by 
removal of branches, by frost rupture, or by some other cause. 
The wound may, however, be so grown over or occluded that 
at first sight the slime appears to flow from the uninjured 
bark. Thes^ slime-fluxes are very common on dead branch- 
snags and in places affected with sun-stroke or frost- wounds ; 
while I have frequently found them on dead tree-stools 
and on wooden water-pipes where the water trickled from 
some fissure. It is thus probable that they are always 
produced on the site of some wound, although Ludwig, 
without giving any details, says that there may be no previous 
injury. I have never observed any case where a tree with a 
slime-outflow became sickly and died, and the cases of death 
recorded by Ludwig are probably due to some other cause. 
Ludwig, howfev^r, says decidedly that the white slime-flux on oak, 
as well as the brown flux of apple, horse-chestnut, and 
others, are really parasitic phenomena. I must say, however, 
that I have carefully examined the occluding tissues on frost- 
cracks showing slime-flux, and found them quite healthy. 

The white slime-flux of the oak.’ 

According to Ludwig, the white slime-flux of the oak and 
other species of trees takes place during moist weather, and 
from June to September. It flows from branch-scars, former 
frost-ruptures, and other wounded places; also from apparently 
uninjured bark. Ludwig believes that such wounds are infected 
by the agency of insects, particularly hornets ; that the disease 
spreads through the bark and breaks out in various places. On 
such spots the edges of the wound are alternately occluded 
and killed again, so that a flux-wound may come in course of 
time to resemble a “canker-spot.” Large areas of the bark die ofl' 
and the death of the wood frequently follows. 

’Ludwig : (1) “ Ueber Alkoholgahnlng u. Schleimflusa lebender Baume u. deren 
Urheber. ” Ber. d. deiUnch botan. Oe»., 1886. (2) “Ueber profuse (iummose d. 
Eichen u. welter. Mitth, Ub. Alkbholgahrung u. Schleimfluse lebender Baume.” 
Centrbl.f. Bakt. u. Paradteiikunde^ 1890. (3) Lehrbitch, 1892. (4) Forat.-natur- 
wins. Zeitschr., August, 1894. 
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The slime-flux is the product of an alcoholic fermentation and 
has at first a distinct odour of beer. The fermentation produces 
a transparent foam in which are found Endomyces Magnusii 
(Ludw.) and a Swichiromyces Ludwigii (Hansen); this latter 
Ludwig regards as a stage of the ETidomyccs. Later a gelatinouSi 
slime is developed in the foam from the presence of Lcuconostoc 
Lagerheimii (Ludw.) Since this latter plant does not appear 
in the early stages of the disease, it cannot be the cause, and 
Ludwig says that the alcoholic fermentation due to ^he Endomyces 
always appears first ; this conclusion req^uires confirmation. 

The milky outflow of trees.^ 

Towards the end of winter and in spring a white foamy slime 
flows from freshly cut birches or hornbeams. According to 
Ludwig, this is due to Endomyces vernalis (Ludw.) 

Red slime-flux.^ 

Ludwig found on the cut twigs of hornbeam, a red fungus 
which he called Mhodomyces dcndroporthes. This may occur alone 
or along with the white flux, which it colours red. 

Brown slime-flux.^ 

This is found on apple-trees, elms, birch, horse-chestnut, 
poplar, oak, etc., from spring till winter. The slime, Ludwig 
says, is developed in the wood, and breaks through, causing 
the bark to decay. The wood is destroyed and smells of butyric 
acid. The slime contains micrococci {Mtcrococcus dcndroporthes, 
Ludw.) and a form of Torida {T. momlioides). 

In Thuringia, many avenue- trees (c.g. chestnuts, apples, and 
birch), are reported to have been killed from this cause. That 
the disease was really the result of a Bacterium, and that death 
was due to this slime-flux, has yet to be proved, as Ludwig 
himself states. 

Black sUme-flux. 

Ludwig considers briefly some forms he found in a black 
slime-flux observed by him on beeches. 

’ Liidwig, Lehrbuch der med. Kryptogamen, 1892. 

- Ludwig, CmtraM. f. ^akt. u, Parasitenkundt, 1888. 
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A slime-tittx of1|iis ^afij^ars oa the etumps, of felled 

beeches it contains aumerdlli of (Hdium, late| Ascobolm 
Constantim (Roll) is d^sroldj^ ^ Issf^ quantity.'* 

THE EARESSTIC £kt)AStEAE,» 

In this faiSiily are Jlic||ided' the genera Bamseusi, Mdgmmella^ 
and Taphrina. Thn asct df most of the known species are 
produced from a mycalinin Which lives under the cuticle of the 
host-leaf, in a few {e.g. Mdgnmiella fiava), tlni mycelial 
hyphae are developed between the cells of the epidermis, 
while in others {e.g. M. poteniillae), the mycelium permeates 
the whole leaf-tissue and the asci arise from hyphae situated 
under the epidermis. T. Laurencia and a few others have an 
intracellular mycelium, and produce asci inside the epidermal 
cells. A number of species are known to possess a perennating 
mycelium, in the remainder the hyphae are wholly used up in 
the formation of asci. 

The ascospores produce conidia before leaving the asci, which 
are therefore frequently found filled with minute conidia instead 
of the usual ascospores. In nutritive solutions the conidia sprout 
yeast-like ; on a host-plant, they give rise to a hypha which 
penetrates the cuticle. 

^Ludwig, “Ein neuei Pilzfluse d. Waldbaume,” ForaL-natunMsu. ZeitHchr'dU 
1893, and 1894. 

“Kniger has found various inicro-organisras, including a fungus [Frototheca) 
and several algae, in the slime-flux of broad-leaved trees. (Xopf, Beitr. z. 
Physiol, u. Morph, tiled. Organiamen, 1894.) 

=*Sadebeck: (1) Untermch. iib. die Pilzgattung Ej-oascus, 1SH4. (2) Kritiache 

Untersuch. uh. die liiirch Taphrina-Arien herrorge.hrachteti Baumkrankheiten, 
1890. (3) IM paravtiichen Exoaarem, 1893. (4) “ Einige neiie Beobachtungen n. 

kritische liemerkuugen Ub, die. Exoasceae,” Ber. d. deutHch. hotan. Uea., 1895. 

Johanson : (1) HiadUt of nr Sraaripdaget Tapkrina, 1887. (2) Om fii'amj*- 

dagtei Taphrina och diihoravde Sremka^arter, 1885.; 

Rostrup, Taphrmaieae Daniae, 1890. 

De Bary, Beitrage Morph, u. Physiol, d. PUze, 1864-1870. 

(Jiesenhagen, “ Die Entwickelungsreilien der parasitischen Kxoasccen.” Flora, 
Erganzuiigsband, 1895. With numerous figures from microscopic sections. 

Atkinson, “ Leaf-curl and plum-pockets.” A contribution to the knowledge of 
the pruuicoloufe Exoasceae of the United States. Corndl l/nir. Agric. Exp. 
Station, B'ldletin 73, 1894. With numerous illuHtratioiia. 

Patterson, “A study of N. America parasitic Exoasceae.” Bulletin of the 
Led), not. hist., Unir. of Iowa, 1895. 

Smith, “ Untersuch. der Morph, u Anatomic der durch Exoasceen verursachten 
Deformationen.” Forst. -naturwias. Zeitachri/t, Munich, 1894 ; Italian, translation 
by Berlese, liiviata di Palologia, 1895. 
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The presence of a perehnating-^ mycelium is the cause of 
many so-called witches’ brooms on woody plants. In fact, 
the majority of fhe structures IcnoWn by that name are caused 
by speclee of Mi^oascus, thoHgh these of barberry, silver fir, 
acacia, and buckthorn, afe due to Uredineae, and others are 
ascribed .to mites {Phytoptus), 

“ Witches’ Brooms ” (Hexenbeaen) are bushy growths, y^hich 
remind one at first sight of stranger-plants growing, like 
mistletoe, on the branches of other plants. They generally 
originate from a bud which has been infected during the previous 
■summer, either directly or through its subtending leaf. This bud 
produces a twig capable of abnormally increased growth, most of 
its sleeping buds are developed into branches, and the whole 
system shows marked negative geotropism. (See Fig. 3), The 
spores of the fungus are produced on the leaves of the broom. 

The characteristic features of a witches’ broom are : that, 
without regard to the direction of the branch on which it is 
borne, it is negatively geotropic in a marked degree, and 
endeavours to develop like a terminal leader shoot ; that the 
point of infection is distinctly 'conspicuous as the starting point 
of tlie broom. Sadebeck regards any twig-hypertrophy a.s a 
witches’ broom, even that of Exoascm Tosquinetii where there 
is no basal swelling and the twigs exhil)it only very slight 
negative geotropism. 

The forms of witches’ brooms are very varied. Amongst 
the best known are the lianging broom-like masses developed 
fiom buds of the leader shoots (e.g. on cherry trees). As a 
result of the rich growth of twigs and their premature death, 
many of these brooms ])ecome tangled nest-like structures. The 
twigs in some are much elongated, in others shortened, in 
every case, however, they are abnormally numerous. As a rule 
the original leader shoot, on which some lateral bud has developed 
into a witches’ broom, slirivels up and dies, its contents being, 
as it were, absorbed by the hypertrophied branches. Other 
general features have already been discussed in Part 1. of 
this book. 

Smith^ found that the form of the witche.s’ broom is not 
determined exclusively by the fungus. The pereimating my- 
celium indeed gives the first impetus towards its lormation, 

^ Smith, loc. cit. 

K 
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but it IS completed by the weight of the broom itself, the 
excessive dev^Jopment of sleeping buds, and the premature 
death of twigs Smith also investigated the anatomical changes- 
occuiing in witches’ brooms due to Exoasceae From his 
resume we select the following “ In a witches’ broom the 
increased thickness of the twigs and branches is due to a 
piopoitionaUy greater increase m the bark than in the wood 
the hjpoderm, especially, having its cells more numerous and 
larger, while their normal arrangement in longitudinal rows 
IS lost The cork-cells are enlarged and retain their plasma- 
content longer The phelloderm is better developed In the 
sclerench;y ma-nng, the primar} bundles of bast-fibres are smaller 
and fuither apart from each othei, oi they inaj be quite 
absent , the bast-fibres are shorter and have thinner walls , 
sclerench} matous cells are more numerous, laigei, and have 
thinner walls The phloem is inci eased chieflj through enlaige- 
ment and increase in mimbei of its medullaiy rajs, phloem 
crjstal deposits tend to be multiplied In the wood the parts 
most enlarged are the pith and medullaij rajs, tracheae aic 
more numerous, but their component elements aie shortei , tlic 
wood-fibies have thinner walls, wider lumnia, and aie often 
chamliered , the normal course of the long elements is nine h 
disturbed bj the greatlj enlarged rnedullai) ravs 

badeljeck has recently divided the parasitic into 

these genera (a) MagmmuWx, with asci isolated on the ends 
of mycelial threads which lie between the epideimal cells , m 
the other genera the asci arise fiom a subcuticular hjmeiiium 
(b) Taplin'na, without a perennating mycelium, {i) Ejuasms 
with a perennating mycelium, {(1) Taphriinqni'^ nid} be taken 
as another genus Asoomi/ces he does not reckon with the 
E'wascecu 

Brefeld divide* the family into Exomevs, with eight spores in the asais, 
and Taphrina^ with four spored asci Sadebeck shows, however, tliat 
eight 18 the normal number of spores in all the species, and that variation 
therefrom is frequent, four or more sjKiies or numerous coiiidu being 
formed 

Schroeter separates the genus Magauaella, as badebeck has done, then 
divides the remainder into Exoaaciis with eight sjiored asci at time of 
maturity, while those with many spored asci are placed under Taphria 
(the older name given to Taphnna) 
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According to Sadebeck, the Ewasceae may be divided aa 
follows : 

Exoascus. 

The mycelium perennates in the tissues of twig or bud. The 
subcuticular mycelium is developed from the perennating one, and 
becomes completely divided up, without any differentiation, into 
ascogenous pieces. The species are all parasites and produce 
hypertrophy of leaves, flowers, and shoots. 

A. The mycelium perennates in the inner tissues of the 
shoot. Thence, in the next vegetative period, it sends branches 
into the leaves in process of development, at first into the 
inner tissues, but later subcuticular for the formation of re- 
productive parts of the fungus. 

(1) Asci developed in the carpels, which in consequence 
become hypertrophied ; asci with a stalk-cell : E. prvui 
Fuck. E, Rostrupianub Sad. E. commiinib Sad, E. 
Farlowii Sad, E. rhizipes Atk. E. longipen Atk. E. 
m\f(isus Atk'. E. rfcidomophilus Atk. 

(2) Abci developed only in the foliage leaves, 

(a) Asci with stalk-cell : E. insitiiiae Sad. E. cerasi 
(Fuck.). E. nanus (Joh,). E. deformans (Berk.) A. 
dccijnens Atk. E. acerinus Eliass. 

{h) Asci without stalk -cell: E. pu)purascens (Ell. and 
Ever.). E. aescuJi (Ell. and Ever.). 

(3) Asci developed on leaves and fruits. 

(ri) Asci with stalk-cell : E. mirahilis Atk. 

n. The mycelium perennates in the buds of host-plants 
and issues thence in the next vegetative period to develop in 
young leaves, subcuticular only. 

(1) Asci only on the foliage leaves. 

(а) Asci with a stalk-cell: E. crataegi (Fuck.). E. mino7' 
Sad. E. Tosquinefii (West.) E. epiphyllus Sad. E. 
turgidus Sad. E. hctulinus (Rostr.). E. alpitms (Joh.). 

(б) Asci without a stalk-cell ; E. carpini Rostr. E. hacteri- 
o&permm (Joh,). E. Kriichii Vuill. 

(2) Asci on carpels; without stalk-cell: E, alni incame 
Kuhn. E. Johansonii Sad. E. rhizophorus (Joh.). 

(3) Mycelium grows intercellularly. E. cornu cervi Gfesh. 



148 


ASCOMYCETES. 


Taphrina. 

The whole mycelium is subcuticular and differentiated into 
one portion, which remains sterile, and into an ascogenous part. 
Perennation of the mycelium does not occur. The species pro- 
duce spots or hypertrophy on leaves or carpels. 

A. The fertile hyphae are completely used up in the for- 
mation of the asci. 

(1) Asci with a stalk-cell: T. iullata (Berk, and Br.). 

T. ostryae Mass. T. Sadebeckii Joh. T. auren 

(Pers.) (may also occur without a stalk-cell). 

(2) Asci without a stalk-cell : T. jUlvina Kostr. T. 
polyspora (Sorok.). T. carnea Joh. T. covrulesmis 
(Mont, and Desm.). T. virginica Seym, and Sad. 
T. extcnsa (Peck.). 

B. The fertile hyphae are not completely used up; asci with 
a stalk -cell ; T. hetulac (Fuck.). T. almi (Fuck.). T. ccltis Sad. 

Taphrinopsis. 

Mycelium and hynienium developed only inside the epidermal 
cells. T. Lanrcucm (iiesh. 

Magnusiella. 

The mycelium inhabits the inner tissues of living plants and 
is always parasitic. Asci are formed at the extremities of 
branches of the mycelium, either between the epidermal cells 
or between cells of the inner tissues. The asci contain more 
than four spores, which generally produce conidia inside the 
ascus. The si)ecie8 generally cause leaf-spots, more rarely they 
appear on stems. 

(а) Asci without a stalk-cell : M. potentillae (Farl.). M. lut- 
escem (Piostr.). M. flava (Farl.). M. gUkagiaiH (Kostr.). M. 
ttmhelliferarum (Rosti.). 

(б) Asci with a stalk-cell : M. famkalata Lag. et Sad. 

Giesenhagen {loc. cit) comes to the conclusion that the species 
of the parasitic Exoasceae have developed from a common 
ancestor simultaneously with the species of the higher plants 
inhabited by them, and that the development of host and parasite 
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has progressed side by side. He shows that Exoasceae, living 
on related hosts, agree so closely in their ascogenous forms, 
that it is evident they are generically related species. On this 
ground he sets up a genus containing many species, and names 
it Taphrina. According to the host-plants, this genus is 
divided into four stems, and from it twenty-five species are 
separated off as the genus Magiiadella. Giesenhagen’s systematic 
division, ' gives a synopsis of the host-plants and their distri- 
bution as follows : 

I. Genus. Taphrina : asci club-shaped to cylindrical. 

A. /Vim’-stem, on Ferns; asci slender, club-shaped; tapering to 
both ends, rounded apex, greatest breadth in the upper quarter 
of the ascus. 

T. cornu cervi (Giesh.) on Asjiidwm aristatum in East 
Indies and Polynesia. 

T. fiUvina (liostr.) on Aspidiinn sinmdomm in Scan- 
dinavia and Balkan-peniiisula. 

T. Lnurcncia (Giesh.) on PUrih quadriaurita in Ceylon, 

7\ fascicvlata (Lag. et Sad.) on Niphrodiim in South 
America. 

T. Udcsccm (Kostr.) on Aspidiii7n Thchjpteris in Denmark. 

B. Pet ida -stem on Jidijlorac: asci plump, cylindrical, with 
rounded apex or even a alight depression there. 

(1) On Ulinaceae: T. vJmi (Johan.) on Uhnvs montana and 

U. cmnpcstris in Central Europe and North America. 

T, irltiH (Sad.) on Crifk audralis in North Italy and 
Switzerland. 

(2) On Bdidaceae. 

(a) On Bdida : 

T. aJpina (Johan.) on B. 7iana in Scandinavia 

T. nana (Johan.) on B. naua in Scandinavia. 

7\ hctulac (Johan.) on B. verntcosa, B. qmhescens, and B. 
tinirsfmnca in Central Europe. 

7\ hetidina (Kostr.) on B. pubescens, and B. odorata in 
Germany, Denmark, and Scandinavia 

T. carnea (Johan.) on B. odorata, B. pubescens, B. nana, 
B. intermedia in Scandinavia, Tyrol, and Silesia, 

T. backriospermum (Johan.) on B. mna in Scandinavia 
and Greenland. 
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T. flava (Fail.) on B. ‘popvlifefa and B, papyracea in 
North America. 

T. tnrgida (Sad.) on B. vemtcosa in Germany and Tyrol. 

(b) On Alnus: 

T. epiphylla (Sad.) on A. incana in Europe. 

T, Sadeheckii (Johan.) on A. ghdimsa in Europe. 

T. Rohiifisoniana (Giesh.) on A. incana in U.S. America. 

T. Tosquinetii (Magn.) on A. glutinosa in Europe. 

T. alni incanae (Magn.) on A. iyicana in Europe. 

(T. alni glutimsae (Tubeuf) on A, glutinom in Italy, 
Sweden, and Denmark.) 

(r) On Cupulifcrm : 

T. ostryae (Mass.) on Ostrya carpinifolia in Tyrol and 
Italy. 

T. rirginica (Sey. et Sad.) on Ostrya virginica in North 
America. 

T. carpini (Kostr.) on Carpinns Bduhis in Europe. 

T. amtralis (Atk.) on Carpinus amcrimim in North 
America. 

T. Kruchii (Vuill.) on Querent Ilc,r in Italy and France. 

T. cocrulesccns (Tul.) on Qitercm scssiliflora, Q, pedini- 
culata, Q. piibcscem, Q. alba, etc., in Europe and 
America. 

{(!) On Salicaccac: 

T. aurca (Fries.) on Fopulus nigra, F. pyramidal is and 
F. Tnonilifcra in Europe and North America. 

T, Johamonii (Sad.) on Fcpultis trcmnla, F. treinidoides, 
and F. grandidentata in Europe and North America. 

T. rhizophora (Johan.) on Fopulus alba in Europe, 
c. Prunus-^tem on Eosaceae: asci slender and club shaped. 

(а) On Fomaceac: 

T. crataegi (Sad.) on Crataegus Odcycantlia in Europe. 

T, hullaia (Tul.) on Fyrus communis and Cydonia japonica 
in Europe. 

(б) On Fruneae : 

T. deformans (Tul.) on Fersim vulgaris and Amygdalm 
communis in Europe and North America. 

T, minor (Sad.) on Frunus Charmccerasus near Hamburg 
and Munich. 
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T. insititiae (Johan.) on Prunus Insititia and P. domestica, 
in Europe, and P. penmylvanica in North America. 

T. decipicns (Atk.) on Pruntis americmm in North 
America. 

T, ccrasi (Sad.) on Prunus Cerams and P. Ghamaecerams, 
in Europe, and P. avium in North America 

T. pruni (Tul.) on Primus domcsHca and P. Padiis in 
Europe and North America. 

7\ niirahilis (Atk.) on Prunus anyustifolia, P. hortulana 
and P. americana in North America. 

T. Farlowii (Sad.) on Prunus scrotina in North America. 

T. amfusa (Atk.) on Prunus virginiana in North 
America. 

T Posfrvpiuna (Sad.) on Prunus ^^pinosa in Europe. 

T. communis (Sad.) on Prunus maritima, P. puinila, P. 
americana and P. nigra in North America. 

T. longi 2 H's (Atk.) on Prunus americana in North America. 

T. rhizipcs (Atk.) on Prunus trijlora in North America, 
(c) On PoteniiUeae: 

T. potiuhUae (.Johan.) on P. 'njlirsfns, J\ canadensis, and 
P. gcoidcs in Europe and North America. 

D. -4osca///s-stem on Eucgclicac: asci plump, cylindrical, with 
h.it or rounded apex. 

(r^) On Sapmdaceac: 

T. acscuji (Ell. et Ever.) on Aescuhis calif arnica in 
California. 

(&) On Anacardmccac : 

T. purpurasccii'i (liobins.) on Rhus copallina in North 
America. 

(c) On Accrincac : 

T. accricola (Mass.) on A. campestre and A. Pscudoplatanus 
in Italy. 

T. accrina (Eliass.) on A. plataiwides in Sweden. 

T.polysjwra (Johan.) on A, tartaricum in Europe. 

II. Genus. Magnusiella : asci ovoid or spheroidal. 

M. githaginis (Sad.) on Agrostemma Gitliago in Denmark. 

M. umhellifcrarum (Sad.) on Hcracleum Sphondylium, 
Peucedanum palustre, and P. Orcoselinum in Europe. 
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The Exoamm may be grouped, according to the symptoms^ 
of the disease produced, as follows ; for this purpose we shall 
class all the species as one genus, ' Exoascm' (or Taphrina): 

I. Species which cause deformation of the ovary or other part 
of the fruit. 

E. pruni (Fuck.) on Prumin domestiva, P. Padu.% P. Vir- 
ginia 7m. 

E. Rosti'i(pian7is (Sad.) on Pniniift spinosa. 

E. coTniminis (Sad.) on Pruuas jnwiilla, P. Tnaintwm, P. 
iiigi'a, P. amcrunnn. 

E. Faiiowii (Sad.) {E. vai'ius, Atk.) on Piimun Herotirm^ 
causing also deformation of twigs. 

E. Io7igipes (Atk.) on Prnnas ainn'umia. 

E. confuiios (Atk.) on J*nmtas vwginanm. 

E. 9'hiziiHH (Atk.) on Pruniis triflora. 

E. cccidomophilus (Atk.) on in.sect-gall.s on the fruits of 
Prinivs virgin ia7ia. 

E. mirahilis (Atk.) on Piinius angvstifuHa, J\ Jiurtnhina^ 
P. ameticana. 

[Also species on Prvnns siihcoi'dafa, P. C/tiarsa, and J\ 

■ pcnvsghanwa.] 

E. alni incanae (Kuhn) {E. aincntonnn, Sad.) on Ahnis 
incana. 

E. alni glnfinome (Tubeuf) on Alma* (jlut ino-^a. 

E. Pohw HO ni antis (diesh.) on Ahivs incana. 

E. JolmnHunii (Sad.) on PapnJn^ frnnv/a, ]\ hrnndaidcs, P. 
gi'andkhntnfa. 

E. I'hizoplmrnH (Johan.) on Ptgjnins alia 

II. Species vhicli (1) ])roduce witches’ brooms, or (2) at least 
cause deformation of shoots ; asci produced on the leaves. 

(1) E. cpiphglJuH (Sad.) {E. horcalis, Johan.) on Ainas 
incana (uniform grey coating of asci on both sides 
of leaf.) 

E. turgidns (Sad.) on Bctnla roriwom (coating of asei on 
under surface accompanied by slight crumpling of 
leaf). 

E. hetuliniiH (Kostr.) on Bct7d(i pidiesccns and B. odorata 
(coating of asci on under surface). 
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E, alpimis (tiohaii.) on BetuJa nmia (coating on under 
surface), 

E. Gmyini (Rostr.) on Cm'pinvs Betulm (coating on under 
side, and crumpling of leaf). 

E. cerasi (Fuck.) on Primus Ccrasvs and J\ avium (coating,, 
chiefly on under side, and crumpling of leaf). 

E. inaititiae (Sad.) on Prunus Insifitia, P. domcstica, P, 
pc7insylv(mica, (P. sjnnosa ?) ; (coating on under, side, 
and crumpling of leaf). 

E. accrinns (Eliass.^) on A(rr platan aides ; (asci on both 
surfaces). 

E. ae.HCidi (Ell. et Ever.) on Aesadus calif ornica ; (coating on 
both sides). 

E. Krachii (Vuill.) on Qaercas IU>. 

E. eoriiv ccrvi (Giesh.) on Aspidinm aristat mu. 

E. Lav^'cncia (Giesh.) on Ptiris qiauhna unfa (with deforma- 
tion of leaves). 

(2) E. nauus (Johan.) on Bifida nana (white coating on 
upper side). 

E. bacfeno.ytrnnus (flohan.) on Befvla uaua (coating on both 
sides). 

E. dccipiius (Atk.) on Pi'inius omn'ieaua (coating on both 
sides). 

E. pmyuvasci'us (Ell. et Ever.) on Bhus vapalhria (crum- 
pling and red-colouration). 

E. Toaquinctii (West.) on Abivs plufinosa and A. r/luf.x 
incana (large blisters and elongation of shoots). 

E. pi'uni (Fuck.) on Prunus dmnesfica (blistering and crum- 

pling). 

nmwr (Sad.) on Pimnns Chaniaecf rasus. 
deformans Berk, on Pei'siea ndgaris and Aniygdalus 
eommnnis (blistering and crumpling). 

E. eraUugi (Fuck.) on Crataegus Oryacantha (spots and 
blisters on the leaves). 

E. mirabdis (Atk.) on Primus angiistifolia, P. lioi'tulana^ 
P. anicricana (on twigs, leaves, and fruits). 

E. cel f IS (Sad.) on Celt is australis (brown spots). 

E. githaginis (Rostr.) on Agrostemma Githaga. 

^ Sveu'tka Vet.-Akad. Hand!. 20, 1895. 



164 


ASCOMYCETES. 


III. Species which produce ( 1 ) pustule-like outgrowths, ( 2 ) 
leaf-spot, or ( 3 ) smooth coatings of asci. 

E. mireus (Pers.) on Popuhis nigra (inch pyramidalis) 
and P. monUifera. 

E. polysporus (Sor.) on Acer tartaricum and A. Pseudo- 
platanm. 

E. hdlatm (Berk, et Br.) on Pynis communu and Cydonia 
japonica. 

E. carnem (Johan.) on Beinla nana, B. odorata, and B. 
intermedia. 

E. coerulescens (Desni. et Mont.) on Qarreus 2 >id>escc 7 is, Q. 
sessilijtora, Q. Cerris, Q. lanrifolia, Q. rithm, Q. tmetoria, 
Q. aquatica. 

E. SadehccHi (Johan.) on Alniis glutinosa. 

E. \dmi (Fuck.) on Uhnus campesfris, U. montami, and U. 
americana (spots and blisters). 

E. rirginicus (Sey. et Sad.) on Ostrya virginica. 

E. australis (Atk.) on Car2nnns americanus. 

E. jilicinus (Rostr.) on As2ndium s2nmdosum. 

E. 2'>otentilla£ (Farl.) on Potentilla geoidrs, P. c(itu(dend\ ]\ 

E. githagmis (Rostr.) on Agrostemma Gifhago. 

E. latcscens (Rostr.) on Polysticham Thely2tferu. 

E. umbel lifer arum (Rostr.) on fferaelcum S2di(uidylinm, Peu~ 
eedanum 2^alustrc and P. Oreoselinum. 

E. ustryae (Mass.) on Ostrya cai'jdnifolia (^brown spots). 

E. hetulae (Fuck.) on Befida verrucosa, B. B. 

turkestanica (whitish spots), 

E. Jtacus (Farl.) on Betula 2^o2mlifolia, B. pa2yyraeea. 

E. accricolus (Mass.) on Aerr eamjustre and A. Psewlo- 
platanus. 

E. fascieulatiis (Lag. et Sad.) on NepJirodmrn (whitish spots). 


The following are some of the more important species of 
Exoasceae : 

Exoascus pmni Fuck. (Pocket-plums). This attacks the 
ovaries of Prunus domestica (plum), P. Padus (bird cherry), and 
P. virginiana, causing the mesocarp to grow rapidly, whereby 
the fruits increase in size and become much changed in form, 
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while the stone, including the embryo, remains stunted. (Fig. 
49.) The “pocket-plums” (fools or bladder-plums) dry up, and 
remain hanging on the tree till autumn. De Bary found on 
the plum a withering of calyx and stamens resulting from the 
development of the hymenium of this Eroascus; on the bird 
cherry, according to Magnus and Wakker, enlargement of the 
stamens occurs. Sometimes a considerable thickening and 
twisting of the young shoots takes place, and their leaves 
curl up. 



Fio 48— JxoaiCMi prum Twig of Plum, with four deformed fruits, one 
normal plum is partially hidden, the other is in the middle -j natural size 
(v Tubeuf del ) 


The mycelium hibernates in the soft bast of the twigs, and 
proceeds thence in spring into young shoots and ovaries. 
According to De Bary, the infected ovaries double their size 
in two days, and are full grown in eight days. The asci form 
a close layer under the cuticle of the ovary, and finally 
rupture it. 


Fto. 49 — /Tjotwcw* unt Malformed Pk. 50 y)n/»u on twig of /■ 

Plums— “ pocket plums , one which is P«</v»(at end of .July) Four of tin <• 

cut shows the rudimentarj stone are malfonued (^ TiiJ>euf del ) 

^ natural bi/.e. (v Tubcuf phot ) 



Pig. ni.—Bxoateut prvni. Young twigs of Plum, showing effects of mycelium 
The shoots are swollen and distoited, one diseased lesf romains hypertro[diled 
and much crumpled ; on one spur a normal and a “pocket ' [>lum are home 
specimens from the Museum at Oeisenheim ^ natural size, (r Tu^uf phot ) 
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Exoascus communis Sad. This produces pocket-plums on 
Pritnm arMtimnoL^ P. wnd P. maritima in America. 

Similar " pockets ” also occur on Prunus suhcordata, P. Ghiram, 
and P. pennsylvanim, in America, as a result of some EM>asci(^H. 

Exoascus Farlowii Sad. produces similar 
deformation of carpels and floral envelopes on 
Prunm serotina in North America. 

Exoascus Johansonii Sad. produces carpel- 
enlargement on the female catkins of Popidun 
iremtda, P. trcmidoid€s and P. grandidentata ; the 
contents of the asci are yellow. (Fig. 52.) The 
anatomy of the deformed ovaries has just been 
described by Sadebeck.^ 

Exoascus rhizophorus Johan, causes similar fi*.. b%-Exoa»ai* 

. , , , . /. 7 Johamonu Sad. on 

enlargement of the female catkins of PoiHdvs Popuiv$trtmv.iix. (x. 

„ ^ TubeufdeL) 

Exoascus alni-incanae Kuhn {Ex. amentorum Sad.) This 
species is readily distinguished by the absence of a stalk-cell 
on the ascus. It causes increased growth and enlargement 
of the seed-scales of alder catkins, the fruit itself being seldom 
attacked. The fleshy bladder-like outgrowths at first appear 
as little red processes ; later, the asci are developed on the 
outer surface as a whitish coating. On many of these red 
processes may still be recognized the trifid apex of the normal 
scale, (this is really formed from five smaller scales fused into 
a single large one with a trifid apex). A number of these 
red outgrowths are generally present on each infected catkin, 
yet the alders continue to flower vigorously every year. 

Wakker,^ in investigating the anatomy of the deformed scales, 
found the following alterations : — the scales are increased to many 
times their original size and contain two cavities; all parenchy- 
matous cells become regular and iso-diametric , lignification of 
the elements of the wood is more or less interfered with, and 
fewer wootl-fibres are produced ; there is an accumulation of 
transitory starch. 

Exoascus alni-glutinosae Tubeuf. This is a new species 
distinguished by v. Tubeuf in 1895. It occurs in the Siidetic 
mountains, Italy, Denmark, and Sweden, on Abuts gUdinosa. 
Its habit is similar to that of Ex. aUi-incaiiae, but the asci 
' Sadebeck (See Literature), 4. p. 144. Priwjitheim'i> Jahrbixk, 1892. 
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contain only conidia, whereas those on Alnm-incaim are said 
by Sadebeck to contain only ascospores, unless on very rare 
occasions. In the lower and higher Alps, although both species 
of alder are not infrequently found together, yet the Exoamts 
is found only on Alnus incana, and no species occurs on A. 
ghttinosa. 



Fig. bS.—Exoa»evLS alni-ineanox in catkins of Alnui incana. Many of the scaloH 
are developed as elon^^atod red soft tongue-like structures, on which the asci are 
produced as a whitish coating, (v, Tubeuf phot.) 

Exoascus epiphyllus Sad. {Ex. borealis Joh.^) The witches’- 
broom fungus of the white alder {Alnus incana.) 

The author^ was the first to describe and figure this form 
of disease in 1884; and Sadebeck recently succeeded in pro- 

^ K. Sven. Vet. Aind. 1885 and 1887. Tubeuf, Botan. CmtralhL, 1890. 

* Tubeuf, Beitrage z. Kenninm d. Baumkrankkeilen, 1888. 
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ducin^^ the brooms by artificial infection of alder. The disease 
is common and epidemic, and a single tree may carry as many 
as a hundred brooms. 


The witches’ brooms are 
composed of many thickened 
twigs, beset with an abnor- 
mal number of lenticels, 
and the point of infection 
shows a distinct swelling, 
from which the broom tends 
to turn directly uj)wards. 
The leaves are somewhat 
modified, they are larger and 
thicker than the normal, 
they unfold later and wither 
earlier, while their stipules 
remain attached for some 
time. The brooms of alder 
only survive a few years, 
and by their decay cause 
the death of large branches, 
and frequently of the whole 
tree. 

Tlie asci, which are sunk 
in a depression of their 
stalk-cell, form a white 
coating on both surfaces of 
the lea^es. The mycelium 
hibernates in the buds. 

Exoascus turgidus Sad. 
causes the formation of 
witches’ blooms on Bdula 
irrnicosd. The leaves form- 
ed on the l)rooms are some- 
what crumpled, and the asci 
are produced on their lower 
surface. 

Exoascus betulinus 

Rostr. produces witches’ 



Fii. r»4 — fiiflOJCH* epiphyllus Witches broom 
iiL first year, showiug' swelling at the ixiint of infec- 
tion The leaves are already shed in autumn, while 
tlio normal still remain t ni^tunl si/e. After 
V Tulwuf.) 


brooms on Betula pidx'scens and B. odoraUi 
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Witches’ brooms on birch are very common in Scotland. 
They appear as tangled masses of twigs, which at first sight 
give the impression of some bird's nest. I have frequently 
examined the leaves borne on these brooms, and have never 
failed to find the asci of an JExoascus. Sadebeck gives in 
his monograph the two above-named species as found on birches 
bearing witches’ brooms. Mites (e.g. Phytoptxis) have also been 
given as the cause of these malformations. On close examination 
of brooms which undoubtedly bore Exoascus, I found that a 
broom results from a prolific development of small twigs on 
one or a few knotty swollen parts of a branch. Each central 



FlO —Witclui B) oom of the Hornbeam Ejoeuicu.* car jitnt on Car /un^ui Bi lulus 
The bush measures ibout 1 metre across, and arises laterally from a branch, the 
apper normal part of which has been removed (v Tubeuf phot ) 

knot we may regard as the position of the bud which was 
first infected, and from which the broom system took its 
origin. As one result of the attack of the fungus, the greater 
number of the buds in the axils of the scales of the infected 
bud have grown out as twigs, but not into well-developed 
ones. In consequence, nearly every twig lias been killed back 
by the winter, but not completely, so that from each twig- 
base has sprung a new crop of stunted immature twigs like 
the first, and equally liable to be killed in the following winter. 
Thus has arisen that tangled mass of dead or sickly birch 
twigs which we call a witches’ broom. [Edit.] 
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Exoascus alpinus Johan, and Ex. nanus Johan. Both occur 
on Betula nana, and induce formation of hypertrophied twigs 



Fkj 00 — U Itches Broom of the Chen y Exoascus cei a« on Prunvs Co asMS The 
whole loft side forniH ii large broom A smaller example occupies the summit of 
the crown, while another aangs downwards to the right In winter condition 
(v. Tiibeuf phot ) 

The mycelium of Kc. 7ianm hibernates in twigs, and penetrates 
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into the inner tissues of newly-formed twigs and leaves. The 
mycelium of jKc. alpinus passes the winter in the buds, spreading 
thence in spring into young twigs and leaves. 



Fio 57 —Exocacut ccrcui on Ptunu» Cacutat Cborrv tree in bloasom, with the 
exception of four witches brooms Ihe tree is as yet leatiew exempt the brooios, 
which are in full foliage and show up dark (v Tubeuf phot ) 


Ezoascus carpini Kostr. is common on Garpintib Betuhis (horn 
beam) (Fig. 55). The brooms produced are bushy and densely 
leafed , the twigs are thickened and much branched , the lefives 
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are somewhat curled up, and the asci appear on their lower 
surface. 1 

Ezoascus cerasi Fuck, occurs very commonly on cherry 
trees {Frumts Ceranus and P. avhuri) both in Europe and America.^ 
It produces witches’ brooms, which may be large, upwardly 
4lirected, bush-like, and very conspicuous structures, wi^ 
numerous thickened and elongated twigs (Fig. II); or they mj|y 
be small, hanging bunches of twigs with upturned free ends. 
The leaves are somewhat wavy, slightly crumpled, and reddish ; 
on their lower epidermis they bear asci, and fall off prematurely. 



h u. I'l. — Noimiil (if ( l((.iij fiom i tree iii blnssom, as in Fifi j7 

(\ 1 (llieuf phot ) 

'file brooms aie visibb* at a considerable distance in the winter 
(Fig 30), Nvliile they are even more conspicuous during the 
Howering season (Fig 37) At the Utter time, before the 
leaf-buds open, the cherry trees are normally covered with 
white blossom, while the brooms- bear leaves only, and rarely 
blossom. Hence they produce little or no fruit. Each tree 

‘ Wehiner [Bot. Zeifwnj 1896) tliscusses the formation of these witches’ 
brewms. (Eiht.) 

E. Rathay, “ Uber die Hexenbesen d. Kirschbiiumeu.”— d. K, K. 
Aknil. za H'uh, 1881. 
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may bear several brooms, and every tree in a fruit-gaiden 
may be attacked, so that this disease has assumed consider- 
able economic impoftance. As a preventive measure, the removal 
of all brooms at the time of pruning the trees is strongly 
recommended. 

{According to Shirai {ToJHo 
botanical tmgazine, 1895) witches ’ 
brooms are produced in Japan 
on Prunns pscvdo-irratixs, l)y a 
distinct species, Ea. jisnolo- 
ccrasifs.] 

Exoascus minor Sad. Tliis 
species induces hyj>ertro])h> ol’ 
.shoots of J^nnius Chamm 
and P. Ccra,sus, Imt cannot la* 
said to cause Idrnuition ol 
witches’ brooms. The iiiueliuiii 
hibernates in the Ijiids, and 
spreads only underneath the 
cuticle, while th.it of E'. a msi 
lives in the tissue of the twigs 
and leaves. It is chaiacteiisiic 
of this species that only lea\es 
here and there on a twin nia) 

hu. Vi-Twng from witchcj. broom in bc attacked, wllilc tllCll nciull- 
foluige i« 111 Fig fi7 Photographed at aame , • i i i i i 

time. IS, ig >8 for eompanson (v. Tubcuf bourS leiliain (lUltC hcultllV t both 
phot ) , , 1 

flowers and Iriiit may also he 
borne. Diseased leaves apjieai much crumpled, .ind Sadebei k 
states they have an odour of cumarin ; they tuin brown ]H( - 
maturely and fall oil. 

Exoascus insititiae Sad. is found on Pennies (biintsfiid ami 
P. Insiiitnj in Euioj)e, and ]\ pcnnsi/lranim in Noith America. 
It causes formation of witches’ brooms smallei than tho.se on 
the cherry tree, yet probably more common in the fruit garden. 
They bear no fruit, and are a source of considerable loss. 
The mycelium hibernates, like that of Ei. ccrasi, in the bark of 
twigs, and spreads in spring into the buds. 

The leaves of the host bear asci on the lower epidermis ; 
they are always more or less curled up, and fall ofl earl}'. 
To prune (^’ all brooms is the best preventive measure. 
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Exoasciis deformans (llerk.) causes the “ curl disease ” of the 
peach (7Vrs7m ruJfinris), and may inflict "reat injury. The 



Fi( Ml —E kucm Duno Curl disease of Cherry 


iiijceliiim hibernates in bark, pith, and mediillaiy rays of twigs, 
so that it iea}»pe<irs each year. An Eukimus, which occurs 



hi vl ixKu «* d.r. IIM* l.omi> 
with u h\ >yhiul uii. B 
been sllKlitU shiidt.l Iht SLiti.ms ure 
lu ill iwu with thi ■•uiit III iffiiifiiutiiiii 


iiiwiu of iioouiU section of leaf of Pmnv» 
in the liitUr the mycelial h\|)hae have 
from different tiarts of the same leaf, and 
(Aftti VV G Smith ) 


on the almond {Anufif^/alus (omniHnii>\ resembles Ek (Ufortmns 
St. clost‘ly that they are now regarded .is the same specie^. 
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This is supported by Smith’s investigations, in which an an- 
atomical comparison of diseased twigs of peach and almond 
showed no difference in the pathological effects. 

Exoascns erataegi Fuck, occurs on Cmtaeyus Oj^acantha, 
and causes red swellings on the leaves and flowers, accom- 
panied by hypertrophy of shoots in which the myceliuni 
perennates. 

Exoascns Tosquinetii (West.). The deformation caused by 
this species is frequent on the black alder {Ahms ghitimm). 
The thickened, elongated, wrinkled twigs render attacked jiarts 
very conspicuous in contrast to the normally developed parts of 

the tree. The leaves may l»e 
wholly attacked and nuicli 
enlarged, or they may only 
be hypertrophied at jdaces s(> 
as to form pustule-like swell- 
ings. The epidermal and 
me.sophyll- cells of diseased 
leaves becoim* greatly en- 
larged. 

Exoascns aurens (I’er^.j 
The leaves of the black po]»lar 
{P(>jn>h/s '(iiffvii) attacked by 
this parasite exhibit jmstulev 
(Fig. 02). The asci art* 
formed as a golden coating 
on the concave side of the 
jnistules, which is, in most 
cases, the under side of the 
leaf, rarely the ujqter. The 
cells forming the jmstuh's 
have thicker walls and a 
somewhat different shajte from the normal epidermal cells, and 
they are not unfrequently sub-divided by walls of secondai} 
origin (Fig. 63). 

According to Smith, the cells of the palisade parenchyma have 
also thickened walls, as well as being elongated and occasionally 
chambered ; the cells of the spongy parenchyma are enlarged and 
have thicker walls; so also are the cells of the collenchyma of 
the leaf venation. 
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Exoascus coerulescens (Mont et Desm.) produces similar 
blisters on oak leaves. 



elongited with thukuicd walls, ind some show secondary ctU div ision The 
bases of the isci arc wedged in between the cells one ascus is shown with 
conidia (\ Tubenf del ) 

Exoascus carneus Johan, occurs on leaves of Btfnla odoiata, 
11 naiiff, and 7> infn'meiha. The pustular outgrowths rise above 



Vi( (4 — h fto^ct (( ) ft * on Biltio odo}citi (\ Tulicuf del) 



Fio 6’'i —Section of nouiiiil leaf of /> itila 
Oiloiatn (After li Smith ) 



Fig W) - Section of leaf hypertrophied by 
attack of Ejotmews carneus, the asci of the 
f lingua coat the ufper epidermis Driwn 
with the same magnification as Fig fi5, for 
comparison (After W G Smith ) 
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the upper surface of the leaf (Fig. 64), and the upper epidermis 
alone bears the asci. In the pustules, the leaf may be two to 
four times as thick as healthy parts. The greatly increased 
thickness is due for the most part to enlargement of the cells 
of the mesophyll, while at the same time their normal arrangement 
is completely lost (Figs. 65, 66). The elements of the fibro- 
vascular bundles are enlarged ; the cells of the upper epidermis 
are more numerous, contain a reddish sap, and their walls are 
thickened. All chlorophyll is destroyed in the pustules. 

Ex. polysporus (Sor.) causes swollen 
spots on leaves of Acer tnrtaricvm. 

Ex. bullatus (Fuck.) causes siniilai 
spots on leaves of pear {Pjjrub 
commvms) and quince {Cydonia 
ja ponied). 

Ex. Sadebeckii (Johan.) causes 
sim]>le spots on leaves of Alnn^ 
(fhiftno^a. 

Many other species, named in oui 
list and in Sadebeck’s ])apers, will be 
found de.«cribed in detail in one oi 
other of the papers already cited 

Ji. CaRPOASG’I. 

{.Ui'Oinyceies loith Sporocarf>s ) 

The a'lci of the Caipoasci are not 
formed directly on the mycelium, but 
from a special part of it, which 
becomes more or less enclosed in 
another non-ascogenous portion. From 
these two portions of the mycelium a sporocarp is formed, in 
which we can distinguish three distinct constituents: (e) the 
envelope containing (h) the paraphyses and (r) the asci. 
Amongst the Gymnoasci the envelope, if present, is never 
more than a loose hyphal tissue, but in the Carpoasci both 
paraphyses and envelope are present, the latter with char- 
acteristics distinctive of each species. The sporocarps of the 
lower Carpoasci are completely closed structures containing 
only one or a few asci; those of the higher forms, however, 



attacked leaf ehowa pale spate with 
Virown ceiitroh The former result 
from the Tajik) ma, and are covered 
b> a white < i.iting of asci , the brown 
btK)t8 are pioducod by other fungi 
which grow on the spots alrea/iy 
killed J nat. size. (v. Tubeuf del ) 
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contain many asci, and the envelope is pieiced by a definite 
aperture. 

Biefeld endeavours to explain the ascocarp of the Er^siplieae from the 
siiorangial structures of the Z>gosporeae {Uhuopm and Mortierella), De 
Har\ ' and Zopf,^ on the other hand, see in it an oosporangium, like that 
of the Oosporeae Under this hitter view the envelope of the Carjioasci is 
morphologically homologous to the antheridia of the Saprolegnieae and 
Peronospoteae In the latter group the intheiidium g'^neiallv takes the 
foim of an ojien fertili/fition tube, in the Sajuolegnieae it remains closed, 
ind IS physiologitally no longer an antheridiiim Zopf found in one of 
the Saprolegnieae {Dtityuchm caipophoiHx\ an envelope resembling that 
of the Kr}sipheat, and on this ground he, along with De Barv links the 
Krvsipheae to Oonneetes like hkyh tliiough forms like PofhtHphacut 

The reproductive cells or ascospores result from diiect iiucleai 
division inside the asci They die generally simple and uni- 
ctllulai, but it IS not uncommon to find that, by the formation 
of Cl OSS and longitudinal walls each spore loims a cell aggre- 
giition (spoiidesm ol ])e Bary), with each cell capable ot 
guinination on its own account The numbei ot cells in each 
aggregation, as well as the si/e and shape of each cell, aie in 
many cases constant, and form i>oint‘s for the determination ot 
specus Appendages to the spores are characteristic of man) 
''pecies 

llu Caipoasci possess, in addition to ascospores, othei 
meins of reproduction Thu«, tliick-w ailed chlani} dospores occur 
cithei in the mycelium as resting-spoies {Hypoitiycc^i), or as 
^]ioics (oidia) lesulting from a breaking-up of h}phae 
Many kinds ot conidia ma} also be produced, some from the 
gernuiiating ascosporcs, some abjomted from a branch of the 
mjceliuin or trom some toini of special conidiophoie These 
lattei niaj be pioduced isolated, oi massed togethei in hollows 
ot tlie stroma, oi in closed stiuctuies lesemblmg ascocarps, 
<ind called jijcnidia The \aiious forms ot leproductue organs 
presented b) eacli species will be moie closely considered as 
we piocec'd 

Tlie Uaipoasci are ai ranged, according to the stiucture ot 
the ascocarps, undei the following divisions — the Pens- 
poriaceae, I’yienoiuycetes Hjsteiiaceae, l)iscoiu}cetes, and Hel- 

' De liary > mon»h. ii Phy<iol d IhLe 

‘Zopf Htttuuje Phymol n motyh mid<t Organtsmai Heft 1, 1893 
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vellaceae All these groups include forms parasitic on plants, 
except the last, which is saprophytic 

Gymnoascns and* Ctcnomyces are forms intermediate to the 
Crymnoasci and Carpoasci, they have the asci enclosed in a 
slimy envelope of mycelial tissue We place them along with 
the former group, although Brefeld puts them in the lattei 


PERIbPORIACEAE 

The Perisporiaceae are distinguished b} haMiig an ascocaip 
or perithecium which never oi>ens, so that the asci are onl\ 
exposed b} decaj of the en\ elope It includes three laniilus, 
the Erysipheae, Peiisponeae, and Tuberaceae 

ERYSIPHEAE 

The members of this famil} all live as paiasites on the 
outer sill face ot plant oigans, and have a much-liraiichid 
white, septate mjcelium, which derives nourishment from the 
interior of the epidermal cells of the host b} means of 
haustoria ol various forms 

The Erysipheae or Mildews apjiear as white sjiots and 
coatings, on which the ascocarps or perithecia api)eaT latei as 
black points On microscopic examination, the pciitluci.i 
will be found to contain one or manv asci, while e\teiinll> 
they are beset with thread-like append<ige& of ,i definite foim 
and definitely arranged, so that the} are of great use iii 
determining the various sptcies 

The fungus passes thiough the wintti !>} means of th(‘ 
ascospores These do not ripen till spiiiig, when, liberated bi 
decay of the ascocarp, the} aie earned to plants, where the} 
germinate, especially on the leaves, and foim a mycelium In 
addition, the fungus is propagited throughout the summei li\ 
means of conidia produced on special conidiophoies in aciopetal 
series or chains, of which the distal terminal conidium (aciosport) 
IS the oldest and laigest The ripe conidia fall off and 
produce a mycelium which is at once fixed in place by the 
formation of haustoria 

Prevention. “ Sulphuring ” is the method chiefly used for 
combating mildew This consists in dusting powdered sulphui 
(flowers of sulphur) over the plant threatened with attack 
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The operation is done by hand or by special implement. One 
of the best known of these is the “Sulphur Puff.” This 
consists of a biush with a hollow stem to contain flowers of 
sulphur, the end of the stem being perforated to allow the 
sulphur to escape on to the plant. Sulphuring must be 
carried out during dry weather to prevent the powder being 
washed away. It has also to be frequently repeated, so that 
young growing shoots, flowers, fruits, leaves, and all parts 
liable to attack, may be kept well dusted. Sulphur prevents 
germination of conidia on the leaves ; it also kills the 
mycelium, while the plant itself remains uninjured. 

Besides sulphuring, various coi)per solutions give very good 
results, while at the .same time they act as a preventive 
against the false mildews {]*]nsmo^>am, PnwiohjHjra, etc.) 

Sphaerotheca. 

Perithecia s[»heri(al with thread-like appendages; they contain 
one sidierical aseiis with eight colourless oval ascospores 



Fhi aS.—Hose-miUUtr Spl.turoU.tea jHnmo^o The fungUB forms .i wliitt niuilj 
coating ou the leaf, e8j.ctiall> on the lower shU . the leasts me inou or les» 
curlod up. (v Tubeut phot.) 
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Sphaerotheca pannosa Wallr. (Britain and U.S. America). 
The Rose-mildew. The mycelium forms a thin white coating on 
the leaves, and is * nourished by lobed haustoria inserted into 
the epidermal cells. Young leaves or buds when attacked 
become more or less deformed, their function is interfered with, 
and death may result. In this way great damage is done in 
rose-gardens. This parasite also attacks young leaves and fruits 
of peach and apricot. 



liose-mildew is propagated during summer by ovoid, uni- 
cellular conidia abjointed in acropetal series from erect conidio- 
phores. The perithecia have short simple appendages, and 
contain elliptical spores. 

The disease may be combated by “sulphuring”; according to 
liitzema-Bos, spraying with Bordeaux mixture has also shown 
good results. 
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Sphaerotheca (Podosphaera) castagrnei Lev (Britain and 
U S America) The Hop-mildew The mycelium is found on 
all jiarts of hop-plants, causing consideiable damage, especially 
when it attacks the young inflorescences The perithecia ha^e 
lecumbent, brown simple appendages This species appeirs 
chiefly on vaiious Compositae llosaceae (esp Spiiaia XJIdwihi) 

( ucurbitaceae Geraniaceai etc Soiauer ic ports it as \ery 
iniunous to a])])b trees 



*■' \ ''/I t I »t 1 sp n Thtwhit mj elialt itniL, 

vers t\er^ y ut uf tht lutl its n ts Iw syecmeiis irt u ucl kss Itf riiitd 
tl ii tit others (^ lilt f 1 1 t ) 

Oidium fannosum (o(»kc Attacks >oung leaves and calw 
of api)k It is easil} distinguished fioni the oidium condition of 
tht jiiccediiig ^i)ccies^ 

Sph mors-uvae B ct C The Goose) leir) -mildew is speciall) 
111)111 lous to liihi', Uta (iispa and other species of m 

America SprH}ing with a solution of potassium sulphide (f oz 
in 1 gallon water) at iiiteivals of twent} da)S is recommended “ 

'horauti, Hedmqta 1889 

Halsted (U 6 Depat tnunt of Atpruulhire Report for 1887) tlescnbes this 
(liaeast (Edit ) 
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S|di. epilobii Lk. occurs on Epilohium (U.S. America). 
Sph. Nieaslii Thiira. on Sorbus {Pynut) Aria. 

Sph. proinosa C. et.*Pk, on Rhm in America. 



Fio. 7l roUieca CMlagmu Epiphytic uijcehiini on epidermis of itjuiaia 

Uhtiauo Three h.iiistona .irt cinfiedded in epidermal cells 1 wo eoiiidiojihores 
are shown, fioiu one of which .i conidiiim has lictoiiie dctaclied A h ur of 
.Spi/'oeo IS shown at one side. (v. Tulteiif del ) 


Podosphaera. 

This genus is distinguished from SphacroOuca by its iipriglit 
perithecial appendages, which branch dichotomously towards their 
extremities. 

Podosphaera oxyacanthae 1). C. Apple powdery mildew, 
also occurring on jiear {Pf/run), hawthorn {Cratmyi(s), mountain 
ash (Fyrics Aiicujxirm), and medlar {Mespiluh). In Am(*rica 
this disease is very injurious to apple-cultivation.” It attacks 
chiefly young seedling plants, stunting their growth and causing 
them to lose their leaves. 

P. tridactyla Wallr. This causes injury to leaves of various 
species of Prunm (cherry, plum, and sloe)® (Britain and U.S. 
America). 

'Account by M. B. Waite {U.S. Department of Ayrietdture, Report for 
1888); notes on treatment in Fairchild’s experiments {Journo/ of Mycology, vii. 
p. 256), and elsewhere (Edit,). 

» TTals ted ZeitHchrift f. PJlanzenkrankheiten, 1895, p. 338) gives as additional 
hosts: Apple, CrataeyuH Oxyacanlha, Amelanrhier canadennin and Spiraea (Edit.). 
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P. myrtillina Schub on leaves of Vdccimum My'thlJus (bil- 
berry), V. uliginosimy and Empetrum nifjrvm (crowberry), (U.S 
America) 

Erysiphe. 

The perithecia contain several asci, each with two to eight 
oval hyaline spores The appendages are like these of Sphae- 
rofhaa, simple and thread-like 

Erysiphe graminis D C Mould or mildew ol grass and 
wheat Glass and cereals, especially wheat, often suffei serious 
damage from this p.irasite The mycelium appears on the leaves 
<is white or biownish spots, generally on the upper suiface 
Colourless (onidia {Oidiuvi vioyi'fhoifhs, Lk) are produced acro- 
])etally in chains The somewhat rare perithecia have brown 
<ippendages, and contain eight to sixteen asci, with foui to 
eight sj)ores each the sjiores mature in s])rmg as the dead 
leaves lie on the ground This mildew has indicted great 
loss both in Eurojie and America 
(lop witli “dowers ot sulphur” will 
piobably clicck the drst stages ot an 
attack, but care in destroying infected 
(lops lb by tar tlie most ctteclive 
pieventive 

Erysiphe martii Lev. This tre- 
(pieiits \arious Lt'guniinosae (clo\er, 

1 leans, vetclies, peas, lupines, etc), 

Cruciferae, and other plants (Lritain 
<ind U S Ameiica) 

Er. umbelliferarum l)e l>ar) 

Occurs on vaiious Umbelliterae 
(l)iitain) 

Er. communis Wallr on tobacco, 
lulaceae, Papilionaceae, etc (liritam and US America) 

Er. tortilis W<illr on VoniKs saitf/aiiUK (Britain and US 
America) 

Er. galeopsidis u G on Labiatae (Hiitain and US. 
America) 

Er. cichoriacearum 1) C. on Compositae, Boragmeae, and 
also causing considenible damage to cucumbers (Britain and 
U S. America) 


Dusting the threatened 



ment di^c has betu f( rmed and i 
ifLriu till to h IS jKjuetnted the epider 
inis to become the first huistonum 
( Vfttr De R iry ) 

also on \aiious luinun- 
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Microsphaera. 

T^’ perithecia. contain several asci with two to eight spores, 
and the appendages have dichotomously branched ends like 
those of P{)dosphaera. 

Microsphaera astragali 1). C. Occurs on Astragalus glycy- 
phyllos and A. virgatus (Britain and U.S. America). 

M. berberidis D. C. on Barberry (Britain). 

M. lonicerae D. C. on species of Lonivera. 

M. g^rossubuiae Wallr. on Gooseberry (Britain and U.S. America). 

M. lycii Lasch, on Lgchim, and Desmodium (Britain ai](l ILS. America). 

M. evonymi lb on Evonymus europaeus (Britain). 

M. alni D. C. on Ahim glutinosa^ Betula I'eirucom, and B. puheticens^ 
Rhamnus caihartica, Vibitrnnm Opidiis,Sind T". Lajitana, etc. (Britain and U.S. 
America). 

M. densissima (8chwein.)b This sj>ecie.‘«. forms orbicular patches on tlie 
leaves of (piei'citR tuictoria, etc., in North America. 

M. Guarinonii Br. et Cav. on Ci/stista Lahunmm. 

Also several other American .sf>ecies. 


Uncinula. 

The perithecia contain several asci with two to eight spores. 
The appendages Inave involute ends, and are simple or dicho- 
toniouslv branched. 

Uncinula spiralis B. and 0} (U. S. America and Britain). 
The Vine Milde\\. This disease was first observed in England 
in 1845, and since then has spread over the whole of Eni-opc. 
Tlie conidial stage has caused widespread injury, but the perithecia 
remained quite unknown till 1892, when they were observed on 
vines in France by Couderc, and in 1893 in large numbers by 
Viala. In America, a similar disease is also well known ; its 
perithecia have been long recognized and named Utaiitubi 
spiralis. The identity of the American and European mildew 
was first suggested by Viala in 1887, and may now be assumed. 
The perithecia ^ when mature are brown, spherical, and beset witli 

’ Atkinson, Bulletin of Torrey Botanical Club, Dec. 1894. 

2 In consequence of recent investigations, this species has been transferred from 
the genus Erydphe, and revised with the author’s consent. (Edit.). 

Viala, Gompt. rend, cxix, 1894, p. 411. Prillieux, BulL de la Soc. mycol. dt 
Franee, 1893. 

T. Galloway {Botamcal Gazette, 1895, p. 486), give# a recent account of 
the development of this Uncinula. (Edit.). 
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appendages having hooked tips. Within the perithecia are 
found the o’^oid asci containing the spores ; there are from four 
to ten asci in each perithecium, and four to eight spores in each 
ascus. 

The conidial stage was formerly known as Oidiam T%icl\,er%. 
The conidia are abjointed as oval colourless bodies from simple 
Septate conidiophorea, to the number of two or three in each chain. 
They germinate at once, and as they are formed in large numbers, 
especially in moist weather, the disease spreads rapidly. The 
mycelium is non-septate, or almost so, and attaches itself to the 
epidermal cells of vine-leaves and young grapes, by lobed attach- 
ment-discs, from which simple sac-like haustoria make their way 



hio 78 V Acmula acci a Penthocia (After Tulasnc ) 


into the cells. The mycelium forms white spots, but after <i 
time causes the death of cells near it, so that brown withered 
spots appear. The leaves generally wither, the grapes, however, 
continue to grow at the places not attacked, till rupture of the 
coat ensues, then they shrivel up or fall a prey to mould-fungi. 
Sulphur is the preventive generally used (See p. 170). 

Uncmnla aceris D. C. (Britain). This appears as white spots 
on the leaves of species of A(xr, native and cultivated. When 
attacked bjr this mildew, young unfolding leaves are stunted in 
growth, while older leaves in autumn still retain their chloro- 
M 
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phyll in diseased spots, so that when dead and yellow, they 
are still spotted with green. The conidia are oval, so also the 
spores of which six to eight are found in each ascus. 

U. Tulasnei Fuck, produces 
a white coating over the whole 
leaf-surface of Acer platanoides. 
The conidia are spherical. 

U. circinata C. et Peck, is 
tbund on species of Acer in 
America. 

U. salicis H. C. (Britain and 
U.S. America). This species 
occurs on leaves of the willow, 
and produces white spots or 
tliick coatings on one or both 
surfaces. It is also found on 
leaves of poplar and birch. 

U. pmnastri D. C. on Prunus sjnnosa (Britain). 

U. Bivonae Lev. on Ulmiis nwntaym (U.S. America). 

Also other American species. 

Phyllactinia. 

The spherical perithecia are flattened at the poles, and 
enclose several asci containing two or three oval sulphur-yellow 
spores. The appendages 
are sharp-pointed hairs 
with swollen bases. 

Phyllactinia suShlta 
liebent. {Ph. gattato 
Wallr.) produces white 
spots or coatings on the 
leaves of many trees, c.g. 
beech, hornbeam, ash, 
birch, hazel, oak, etc. 

{Britain and U.S. 

America). 

PERISPORIEAE. 

The Perisporieae include the following genera Thielavia, Dime- 
rosporium, Moffnusm, Cephalotheea, Zopficlla, Anixia, Emotium, 



Flo. 75 - Phifllactxnia tufulla on Pagm »glratiea. The 
leaf w iiartially covered by a white myceliuiu, on which 
the peritheciA appear aa btok iwints. (v. Tubcuf del.) 



Fio. 7i.—Unanula mltct*. Perlthecmm. 
(After Tulasne.) 
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^spergillm, Pemcilhum, Zopfia, Perisportum, Lasidbotrys, Apio- 
sporinm, Capnodium, Astervna, Microthyrium. 

To this stib-division of the Perisporiaceae belong some com- 
mon forms of mould-fungi which are generally only saprophytic, 




P’kj 7o —FltyUadinia mffuUa from Beech Perithecium, witli characteristic 
ippcndigos Contents of tlie perithecium asci, spores, and chains of cells 
leseiubliiig iwraphyses (v lubeufdcl) 

but occasionally hnd their way into fruit with broken epidermis. 
They are thus found carrying on secondary decay and rot, where 
other diseases have begun the attack. 
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In this gro|ip are included certain species of fungi which are 
able of themselves to induce rot in npe fruit. Davaine' waa 
the first to direct attention to these, and recently they have been 
made the subject of very searching investigations by Wehmer^ 
According to this author, only a limited number of species of 
fungi accompany this kind of rot and give rise to it primarily 
As a rule they effect an entrance by some wound, possibly also 
through lenticels or other apertures Some forms prefer certain 
species of host-fniit, in some cases even certain varieties 
Wehmer gives the following synopsis 


Fruit 

Apple, 

Pear, 

Medlar, 

Grapt, 

Plum, 


Cause of Ripe rot 

i PeniciUiuni qlaucom 
Mtbcor pinformis 
{Mucor stolonifer ) 
f Penunllmm glaucum 
\Botrytu nneiea 
j Mucor racemosm 
f Penicilbumqlannim 


Frlit 
Orange, 
Citron, 
Mandarin, 
Cherry , 

Walnut, 


Cat SI oi RiPk HOI 

( Penicillmm italmmy 
I PenmUium oh t armm 

Prnictlhim ghatcifw 
f Botn tw onerea 
’ \ Penicilhum giant n ni 


He then arrange^ them according to then occiiirence, beginning 
with the most frequent 

Ptnicilhvm glaveum Link on stone-fruits, pome-fruits, grapes, 
walnuts, especially common on apples 

PtninUi'um ifnhcnm Wehmer on southern fruits, tg cition 
orange, mandarin 

Mv(or pinforims Fisch on pome-fruits, pai ticularl) on }>ears 

Botrytis (inerea Pers on grapes and walnuts 

The following are less common species 

Pe7iinllium ohvaceum Wehmer on southern fiuits 

Mucor raceinoms Fres on plums 

MiLcor <itolonLfei Ehreiih on apples 

Ripe fruit should be so tieated as to lemove iisk of infection as 
much as possible. This is done by storing the fruits in any, dr> 
places, and in loose contact with each other A damp atmosphere 
promotes infection and facilitates the progress of rot All decaying 
fruit should be separated at once, and valuable fruits are best 
isolated by wrapping singly m tissue paper before transportation 


’ Davaine, Recherches sur la poumture des fruits et des vegetaux vivants,”^ 
Gompt rend , lxiii , 1866. 

^Wehmer, Bedragt z. Kenntmss e^rdieinmchei Pilzt, Jena (Fischer), 1895 



PERISPORIKAE. 


181 


Species of fungi included in this group are the cause of 
those black, sooty coatings found on leaves frequented by green 
fly {Aphis) and other leaf-insects. These are purely epiphytic 
and saprophytic forms which derive nourishment from the 
“honey-dew” excreted by the insects.^ They multiply very 
rapidly, and soon form dark coatings on the upper side of 
leaves and twigs. Little damage need be feared, since the 
leaves retain their green colour, and the coating is not enough 
to stop access of light. Amongst them are species of Cap- 
nodium, Meliola, and Apiosporinm, as well as the conidial forms 
Fintiapo, Torulffj Antcnnaria. 

The modes of reproduction of these forms are exceedingly 
varied. According to Zopf^ they form ; (1) ascocarps; (2) many- 
celled large conidia; (3) unicellular, very small conidia ; (4) 
isolated and clustered conidiophores ; (5) gemmae; (6) buds in 
a yeast-like manner; while every fragment of a mycelium can 
produce a new growth. Any of the species may frequent 
many various plants, and can pass easily from one host to 
another. Some of the better-known forms are : 

Oapnodium salicinum Mont. (Britain). This occurs on 
species of willow, poplar, hop, and many other plants. 

If it appears early and abundant on hop it may cause 
•considerable damage. {Fmuujo vm/aus is a conidial form;. 

C. quercinium Pers. on oak. (U.S. America.) 

0. taxi Sacc. et Kouni. on Tium. 

0. foedum Sacc. (spermogonium form = OhoHophoma focda). 
On the leaves of oleander. (U.S. America.) 

The genus Apiosporinm forms similar sooty coatings. 

A. pinophilum Fuck. This covers with a black coating 
whole twigs and leaves of silver fir; the needles however retain 
their green colour completely. (Antrnnaria and Tomln are 
forms of this.) 

A. rhododendri Fuck. ; A. ulmi Fuck. ; and other species. 

The conidial form Pellicidaria wliich produces grey coatings on the coffee- 
j>Iant is considered among the Hyphomycetes. 

Species of Meliola also produce sooty coatings. 

M. citri Sacc. and M. Penzigi Sacc. occur on dims in 

' BUsgen, Dtr Honigthau. BiologUche Studien an Pjlanzen. Jena (Fischer). 

sZopf, “Die ConidienfrUchte v. Fumago.” Kom acta, Bel 40. Also: Zopf, 
Bit Pilze ; Tulasne, Select, fxing.y iii. 
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Southern Europe and America. Sooty mould of the orange i& 
also ascribed to Capnodium citri Berk, et Desni.^ 

It. camelliae Catt. on Camellia japonica. According to 
Briosi and Cavara, this causes drying up of the leaves. 

Stemphylmm ericoctonum Br. et Bary, the “ sooty-dew ” of indoor heaths 
is considereti amongst the Hyphomycetes. 


Lasiobotrys. 

L. lonicerae Kunze.^ The perithecia form black masses on 
green leaves of species of Lcmiccra, If these be removed the 
epidermis remains uninjured, except for a slight cavity with a 
lighter green colour than the neighbouring surface, 

Thielavia. 

Perithecia spherical and without an aperture. The a.sci 
contain eight brown unicellular s])ore8, Para]>hyses absent. 
Conidia and chlamydospores are formed. 

Thielaria basicola Zopf.^ This is the onh’ species of tlie 
Perisporieae which causes a really serious plant>disease. It is 
allied to the Erysipheae, and produces three kinds of reju’o- 
ductive organs on the underground parts of plants of Lupine : 
(1) Cylindrical, delicate, hyaline chlamydospores, produced in 
pistol-shaped branches of the mycelium. (2) Thick- walled, 
brown-coated, resting conidia arranged several in a row, like 
spores of a Fhraff'nndmm. (3) Perithecia, or little, spherical, 
permanently closed, brown structures with ovoid a.sci containing 
eight brownish lemon-shaped spores. 

A white coating of the hyaline conidia is first formed, then 
a brown coating of the dark conidia, and finally perithecia. 
The mycelium bores through the cell-walls and fills first the 
cells of the cortex, later those of the deeper parenchyma of the 
host-root. The disease of the root soon causes a stunting of 
the shoots and leaves, finally death of the plant. The roots 
attacked are at first brown, then they rot and become detached. 

* W. O. Farlow, BuU, Brnsey i. J876, p. 404 ; Swingle and Webl)eiv 

“Diseases of citrous fruits,” U£. Dept. Agrk, Bull. 8. 1896. 

^ Jaczewski includes Lmiohotryn with the Cucurhitariaceae, 

^Zopf, “Ueber die WurzelbrU^une d. Lupinen.” Zeitschrift f. Pjkinzenlermk- 
heiten, i. p. 72. 



THIELAVIA. 


185 


The fungus has been observed on Lupinus angxmtifolws, L. alhus, 
L. tliermifi, Trigonella coemlea, Ondbrychis Crista galli, Pisum 
saMvum, Senecio elegans^ and Cyclamen} 

Thielaviopsis ethaceticus Went.^ has been given as the cause 
of a sugar-cane disease in Java. 

The Tuberaceae form a third sub-division of the Perisporiaceae. 
The group includes the Tubereae and the Elaphomycetes. It 
contains no forms injurious to plants. 

In investigating EJaphomyces granulatiis and E. rariegatus, 
Peess ® found that it not only formed mycorhiza, but was also 
parasitic on the roots of Finns and destroyed them. 


PYllENOMYCETES. 

The ascocarp or peritliecium of the Pyrenoinycetes is a closed 
structure provided with an opening by which the ascospores 
are discharged. The ascocarp of the Perisporiaceae, as has 
already been pointed out, has no .such opening. The inner wall 
of the perithecium is clothed with (a) the asci’ (/;) delicate fungal 
filaments. Of the latter, those in the depth of the perithecium 
ar(‘ known as paraphyses, and among them the asci originate ; 
others aiound the sides and opening of the perithecium are 
the periphyses, which grow inwards so as to close both pore 
and canal. Perithecia may occur isolated or massed together, 
and are fre(}uently sunk in a special cushion of fungoid tissue, 
the stromata. 

The Pyrenoinycetes may also produce chlamydospores and 
various forms of pycnoconidia and free conidia ; these also are 
fre(iuently developed on special stromata. According to Brefeld’s 
researches, the structures so well known as spermogonia with 
their contained spermatia are only pycnidia containing conidia, 
which have in many cases been artificially caused to germinate. 

The Pyrenoinycetes include a large number of forms par- 
asitic on all parts of living plants, most of them are capable 
of existing for some part of their lives as saprophytes, and as 

’This fungus is described as causmg a root-rot of Viola odorata in U.S. 
America {Connect, Agric, Exper. Stat. Report for 1891). (Edit.) 

®Went, Archie/ voor de Java-Suikerindustrie, 1893. 

’’Reessand Fisch., “ Untersuch. ub. Bau u. Lebensgeschichte d. Hirschtriiffel.” 
Bibliotheca botan. Heft 7. 1887. With lUus. 
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a rate they reach maturity only on the dead remains ’ of host 
planta Many of them are enemies of woody plants, and the 
myceliutn of some can live in the elements of the wood itself, 
hence they constitute a dangerous, group of wound parasitea 

The Pyrenomycetes may be sub-divided thus: 

1. The Hypocreaoeae having soft coloured perithecia often 
placed several together on a stroma. 

2. The Sphaeriaceae with firm dark-coloured perithecia 
frequently embedded in a stroma. 

3. The Dothideaceae with perithecia so embedded in a 
stroma that they have no distinct wall of their own. 

All three divisions include forms parasitic on plants. 

(1) HYPOCREACEAE. 

The Hypocreaceae consists of a single family bearing the 
same name. Of the seventeen genera contained therein only 
six contain plant parasites, viz.: — GihhereJla, Calmicctna, Nectna 
(including Nectriella), Poly^igim, EpicJUoe, Claviceps. The re- 
mainder are saprophytic only, and do not come within the 
scope of the present work: they are — Mdanospora, Sehnia, 
Eleutheromyccs, Hy pom yets, Sphaerostilhe, Lekmirfm, Hyjmrcn, 
Pleonectria Barya, Oomyces, and Cordyeeps. 

Gibberella. 

The perithecia have a transparent blue or violet colour, and 
form tufts on the stromata. A stroma is not present in all 
the species. The spores are light-coloured, and spindle-shaped 
dr oblotig. 

0. moricola Ces et de Not. Passerini gives this as the cause 
of a disease of young twigs of mulberrj'. 

G. pulicaris (Fr.) is very frequently found on trees. (Britain). 

Oalonectria. 

The perithecia are yellow or red, and occur isolated or several 
together. The asci contain spores composed of three or more 
cells, rarely of one cell. 

pyduroa Desm, causes death to young leaves of planes 
(esp. P, occiderUdis) ] it also multiplies by means of conidia 
(Fusarium platani). 
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Nectria. 

Penthecia yellow or red in colour, and generally producecjl 
in close tufts on stromata of the same colour. The asci con- 
tain eight bicellular spores and few or no paraphyses. Conidia 
■of various kinds and shapes are also produced. 

Nectrina cinnabarina Fr.^ (Britain and U.S. America). The 
hright-red, button-shaped conidial cushions of this fungus may 



Fiw 77 — la (.innaUirum, with pen 
thocia on the dead bark of a atill living 
stem of film Infection has e\identlj 
begun at the wound of a tut branch near 
the middle, and extended outwards (v 
Tubouf phot ) 



Fui 7S—Nectna cianalnxnm. Portion of 
branch (magnified). Light-coloured cushions 
of comdiophores with conidia are breaking out 
towards the upper end, and colonies of hard 
red penthecia towards the lower end (After 
Tnlasne ) 


be found almost at any time on the dead branches of many 
deciduous trees, c.g., Aeseuhis, Aar, Tdia Moru% Ulmiis, etc.; 
also on Loniccra, Samhucits, Bohnia, and Pyrtis, in America.- 


I Tulasne, SeZeef /«»(/., 1865. „ 

^ Behrens (Zettsch. f Pflanzenkrankhetten (1895) ascribes to Nectna 
eommon tuberous s/ellmgs on the twigs of Ahes bahamea; these, however, 
may arise without the agency of the fungus. 
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The dark-red masses of thick-coated, warty perithecia appear 
in autumn and winter on the dead branches only; the asci 
contain eight bicellular hyaline spores which germinate 
directly to form a mycelium. Infection of a new host-plant 
is effected by the mycelium, which enters by open wounds into 
living branches; it is quite unable to penetrate the living 
bark and is dependent on wounds. The mycelium spreads 
rapidly through the tissues of 
the host, especially through the 
vessels of the wood ; the cam- 
bium and rind are not attacked 
directly, but are killed in conse- 
quence of the destruction of the 
wood.^ The regions attacked 
in the wood appear as greenish 
stripes, and withering of leaves, 
followed by death of branch 
after branch, results in conse- 
quence of the growth of mycelium 
in the water-conducting elements 

Fio. 79. — Necirm einnafMrinct. Enlarged WOOd. 

flection of perithecial colony. Germinating Por l^rotCCtion agaillSt this 
ascospores. (After Tulaane.) r o 

and all other parasites, which 
find entrance by wounds, it is recommended to prune or dress 
trees only when necessary, and to paint all wounds with tar 
or tree-wax. This Ncctria- is one of the commonest parasites 
of .our parks and fruit gardens, hence all branches already 

attacked should be removed and burned, likewise all blown 
timber which might serve as a nursery for production of 
spores or conidia. 

Nectria ditissima Tub (Britain and U.S. America). This 
is a common parasite and a frequent cause of the canker of 

beech, apple, and other trees.^ The mycelium lives chiefly 

in the bark, causing it to die and form cracks. Under 

ordinary conditions all cracks and fissures are occluded or 

^Mayr in Hartig’s Untermchnngm a. d. fornt-hotan. Imtitut zu Miinchen, ni. 
Berlin, 1882. Brick, Arbeiten d. hotan. Muntumo^ Hamburg, 1892. 

Wehmer {Zeituch.f. J^anzenkrankheiten, 1894 and 1896), opposes Mayr’s con- 
clusions and holds that Nectria can penetrate intact, living nark. 

“Goethe, “Ueber Krebs d. Apfelbftume.” Bhein. Blaitf. Obsf., H'ein, u. Oar- 
lenhau, 1879. R. Hartig, Unttreuch^ aus d. fornt-bofan. Instilut. zu Miinchen, i. 
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pwn over in course offline by the activity of neighbour- 
ing living tissues, but the rapid development of the mycelium 
of this Nectria prevents any such healing, and brings about 
death of more bark. As a result the so-caUed “ cankers ” are 




Fio. 80.— A’ccliiftt/tfiasimn taiikei Vh, 8\ —Nectixa ditmima. Canker ou Hazel. The 

oil a stein of Beech, (v lubenf place of infection, a partially broken branch-fork, 

phot.) 

produced. The mycelium at first gives off tiny unicellular 
conidia on the bark, then later white cushions bearing fine 
conidiophores, from which are abjointed multicellular conidia, 
shaped like a sickle. Infection is brought about by the 
germination of spores or conidia on wounded parts of the 
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bark,! and even on young unfolding leaves. The red lemon- 
shaped peiithecia ^ak through the bark as compact patches. 
They are distinguished from the peiithecia of N. dnnabarina 
by their smooth exterior and their smaller asci and asco- 
spores. 

Combative measures to be used are plentiful dressing of 
wounded places with tar, and the burning of all infected 
material. 

Nectria cncurbitula Ff.^ (Britain and U.8. America). This 
parasite on conifers generally, is particularly injurious to spruce 
(Picea). It enters the host by wounds, such as those caused 
by the caterpillars of the spruce moth (Grapholitha pactolana), 
or by hail. The mycelium lives chiefly in the bark and bast; 
during the active growth of these tissues further extension of 
the mycelium is almost completely hindered by the formation 
of a secondary cork, but in the resting periods of these tissues 
of the host, new hyphae are rapidly produced, lieproduction 
is brought about by little unicellular, and larger multicellular 
sickle-shaped conidia produced on conidiophores. The mycelium 
frequently proceeds as soon as formed to give off' the smaller 
variety of conidia. The dark-red perithecia are produced later 
on the same stromata as the conidia. The asci conttiin eight 
bicellular spores; the paraphyses are very delicate and slightly 
branched. 

The fungus sometimes occurs epidemic in spi’uce plantations, 
and may be the cause of many deaths. According to Magnus, 
the larch and cembran pine may also be attacked. As a pre- 
ventive measure all dead parts should be cut out and burned. 

Nectria Rousseliana Tul. lives in and kills leaves of the 
box {Btums). 

Nectria pandani Tul.® is said to be the cause of a disease 
on Pandaniis, also ascribed to Melaiuionium patuianL The 
Pandanus disease has been reported from the Botanic Gardens 

’ Young forests in districts subject to hailstorm, (e.y. on the lower Alps 
tjf Bavaria), may become completely infested with Nectria through hail-wouncU. 
(Edit.) 

2R. Hartig, Unterauch. aua d. forst-botan., Iwtitut. i., 1888. 

■■'Schroeter (“Ueber die Stammfaule d. Pandaneae,” Cohn' a Beitr. z. Bid. d. 
/’/lanzen. Bd. i., 1895) suggests that this Melanconium is a conidial form of 
Nectria. During the investigation of a case of a Pandanm killed in the Palm 
House at Edinburgh Botanic Garden, J. H. Burrage found both forms present 
an I agreeing in order of development with Schroeter’s observations. (Edit.) 
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of Breslau, Berlin, Paris, Kew, Glasnevin (Dublin), and 
Edinburgh. 

NdCtriSi ipomo6&e Hals.^ Stem-rot of egg-plant and sweet 
potato. In America this attacks young growing plants, and 
causes stem-rot. The Fiisarmm-&ta.ge developes as a white 
mouldy coating on the withered stem, and is followed later 
by flesh-coloured clusters of perithecia. 


Polystigma. 

On the leaves of species of Prunus, one finds bright-coloured 
spots, these are the stromata of this family, and in them 
aie embedded pycnidia containing hook- 
shaped conidia. Perithecia embedded 
in a similar maimer are developed 
after the fall of the leaves, they contain 
asci with eight unicellular elliptical 
spores, which are expelled on reaching 
maturity in s])ring. 

Polystigma rubrum (Pers.) (Britain 
and U.S. America). This appeals as red 
circular spots on the leaves of plum and 
sloe. Micropycnidia are developed in 
summer on the under-surface of the leaf 
and give rise to curved conidia. The 
perithecia begin their development in 
summer, but only reach maturity in the 
following spring, after the leaves have 
fallen from the tree and lain on the 
ground over wintei. The asci are club- 
shaped, lonf;-3talked, and contain eight 

spores, which are set free in succession w" prS 

from April to June. Cxermination ensues 
on young leaves, and in six weeks 

pycnidia reappear. A variety, ''Amygdali Desm.,'’ is found on 
the leaves of the almond {Amygdcdus communis). 

Prank and Fisch found in connection with P. rvhru^n, 
certain hyphae which they designate as trichogynes, while 
they regard the small form of conidia as spermatia which 

^Description and illustrations in N. Jersey Agric. Exper. Station Report, 1891. 
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fertilise the trichogyne and cause it to develop as an 
ascogonium. 

P. ochracenm (Wahlenb.) {P. fuivum D. C.) causes yellowish- 
red spots ou leaves of Frmm Padus. 

P. obscurosi duel produces thickened leaf-spots on Astragalm 
aad^, JL ordboides', on the under side these are whitish, 
on the u^per side they show the spermogonia as red points. 

The damage caused by Polystigma is easily kept in check 
by burning infected leaves in autumn. 


EpichloO. 

The stromata form on the stems of grasses yellowish mould- 
like coatings in which the flask-shaped perithecia are embedded. 



Fio. W.—Spiehloe typhina, forming numerous white cushiom, which completely 
eucirde the graes-atemH. (v. Tubeuf phot.) 


The asci are cylindrical, and contain eight thread-like unicellular 
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spores. The formation of perithecia is preceded on the same 
stroma by that of conidia.^ 

Epichlod t3rphina Tul. (Britain and U.S. America). This 
may be found on many grasses as a mouldy coating which 
surrounds the haulms and causes withering of the parts above 
it. The fungus not unfrequently attacks such fodder^grasses as 
Dactylis, Poa, and PMeum practense, causing severe loss "where these 
crops are much grown. On the white stromata conidiophores are 
produced, and from them small, ovate, unicellular conidia are 
abjointed. These are followed later by perithecia embed<ied in 
the same stromata. The asei, of a somewhat yellowish colour, 
are long with button-shaped apices and contain eight thread- 
like spores. 

Ep. Warburgiana, Magn.-^ is an interesting species found on arrowroot 
{Maranta) in the Philippines. 


Glaviceps. 

The sclerotia are black horn-like bodies, and on them the 
stromata are developed as stalked structures, with spherical 
heads, in which the flask-shaped perithecia are embedded. The 
asci contain eight thread-like spores. 

Glaviceps purpurea (Fries*) (Britain and U.S. America). 
This fungus becomes most apparent, when in the stage of 
the well-known “Ergot” grains, bluish- black curved sclerotial 
bodies in which the mycelium perennates over winter. Ergot 
is found in the ears of our cereals, especially in rye, also in 
other cultivated and wild Uramineae. The sclerotia fall into 
the ground direct, or are sown out with the seed, and in 
spring or early summer produce a large number of stromata, 
each consisting of a violet stalklet carrying a reddish-yellow 
head. The ovoid perithecia are completely buried in the head 
of the stroma, and contain the asci, each with eight thread-like 
jishospores. The spores, after ejaculation, germinate on flowers 
of (Iramineae, and the septate mycelium developes in the outer 

'Atkinson, G. P. {Torrey Glub Bvikiin., 1894, p. 222), proposes a revision 
■of the species of Epichloe and other species of N. American graminocoloas 
Hypocreaceae. ( Edit. ) 

Magnus, Internat. Bot. Congress, 1892.) 

'^Tulasne, Anita/, d. sci. mtur. 3 ser. xx. Kuhn, Mittheilmgen d. 
mrth. ImfituL Halle, 1868 
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coats of the ovary, JdU. gradually but completely it fills up th« 
whole cavi^ Oi^de the ovary the mycelium forms an 



ttp$ purpurta Ergot Sclerotla or Er;got>gnilu* In earf of Rj 
(v Ttibouf phot ) 


irregular wyinkled white stroma or sphaceha, from the hollows 
and folds of which little ovoid conidia are at^ointed from short 
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<5omdiophore8. A very sweet fluid, the so-called “ houey-dew/’ 
is separated from the sphacelia ; this attracts insects, which 
carry the conidia to other flowers. Since the conidia are 
capable of immediate germination, and give rise to a 
mycelium which penetrates through the outer coat of the 
ovary, the disease can be quickly disseminated during the 
flowering season of the grasses. After the formation of conidia 
has ceased, the scletotia^^become firmer, with a dark wrinkled 
cortical layer and an internal firm- walled pseudoparenchymatous 



Flo S') —Cltuictpt pu}j)uiea. 4, Sclerotium with seven stromata (cO B, 
median longitudinal sottion througli the upper part of t stroma, the flask shajwd 
perltliocia (cp) aie embedded in the head. C, Penthecium in longitudinal section 
(highly iiiagiiified>— Ay, hyphal tissue «A, cortical tissue of the stroma , cp, orifice 
of the penthecium D, Isolated astus ruptured so that the thread like asco- 
sporos (*p) have begun to escape (After Tulasne, from Sach s Lehi huch ) 

hyphal tissue. In this condition they are introduced along with 
grain into bread, which when eaten acts as a powerful poison, 
producing very serious results (Ergotism). The sclerotia are 
also used medicinally, and are collected for this purpose {Secale 
corniUum). 

Robert (Frohner, Lehrbnch der Toiikologie fur Thiera/rtze^ 1890) states 
that Ergot contains tliree poisonous agents : 

(1) Cornutin, an alkaloid which produces that particular effect of ergot 
in causing contraction of the uterus. 

(2) Sphacelic (icic^ a noli-nitrogenous, resinous, non-crystallizable sub- 
stance, insoluble in water and dilute acids, but soluble in alcohol, and 

N 
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forming, with alkalies, salts soluble iii water. This is the real cause of 
ergot poisoning and gives rise to gangrene. In large doses it produces 
cramp similar* to strychnine, and tetanus of the uterus. 

(3) Ergotic acw?, a nitrogenous, easily decomposed glycoside, which has 
no effect on the uterus. It is more a narcotic which diminishes reflex 
excitability and finally stops it. 

Kobert experimented chiefly with cattle and fowls. He found that an 
acute course of the poisoning can be distinguished from a chronic ; also a 
gangrenous ergotism from a spasmodic. The symptoms of the disease are : 

(1) Gastro-enteric, an excessive salivation accompanied with redness, 
blistering, inflammation, wasting and gangrenization of the mouth-epithelium; 
similar changes also occur on the epithelium of the gut, j)roducing vomiting, 
colic, and diarrhoea. 

(2) Gangrenization and mummifica- 
tion of extremities, consisting of a 
drying-up, a dying-off, and a detach- 
ment of extremities, such as nails, 
ears, tail, wings, claws, toes, and point 
of tongue. 

(3) Spasmodic contraction of the 
uterus and consequent abcution. 

(4) Nervous ))henomena such as in- 
sensibility, blindness, jwiral^sis, etc. 
The presence of ergot rna} be de- 
tected both microscopically and sj>ei- 
troscopicalh , 

The fungus may be combated 
by careful sej>aratioii and de- 
struction of sclerotia, and by tlu' 
use of clean seed.^ 

Claviceps microcephala 
(Walk.) (Britain). This is found 
on Phmgmiti'n, Moliina, Kardvfi, 
etc. It has smaller sclerotia, 
which, according to Hartwich,- 
contain three times as much 
Ergotin as those of 67. pitrjKura. 

^ Smith (DUtmtH of feld and ijarden crops. 1884. p. 233) describes and 
figures Claviceps purjmraa car, Wdsoui on (Utfceria fluitans near Aberdeen It 
is distinguished “ m being whitish or yellowish, instead of being pale purple in 
colour, and in the perithecia or conceptacles lieing almost free on an elongated 
club-like growth instead of l>eing immersed in a globular hea(l or stroma.” 

^Hartw’ich, “Sclerote du Molinia coerulea.” Bullet, de la Soc. Mycolog. dt 
France. 1895. 
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01. nigricans (Tul ) on HdeocJiaris and Scirpus, with sclerotia 
of a dark violet colour (Britain) 

Cl setuloso (Quel ) on Poa Stromata straw-yellow in colour 
Cl pusilla Cea on Andropogon Isthaetmim 


(2) SPHAERIACEAE 

The group of the Sphaeriaceae includes eighteen families, 
hut only the following contain parasites of interest to us 
Families Tricho‘p1uteri(a( , Mdanwmeac, Amphisphaerieae, 
Cucwhitarieae, Sphcurdloidcnr, Pleospoitac, Gnomonicac, VaJseae, 
Diatiypiac, and Mdancomdiar 

TRICHOSPHAERIEAE 

(including Coleroa and Herpotrichia). 

Coleroa. 

The perithecia have thin walls with radiating bustles, and 
sit superficially on the substratum The asci have thickened 
apices, and contain eight two-celled, faintly coloured spores 
Coleroa chaetomium Kunze, occuis on living leaves of 
liiihvs (a<sius and P Idaot^i In addition to perithecia, it 
forms coindia known as ovarium luln Nees 

C. alchemillae Gre\ (Britain and US America) On leaves 
of Alclumdlu ndqans 

C. andromedae llehm On leaves of Andumeda pohfoJin 
C potentillae Fries (Britain and U S America) Leaves of 
PotditilJa ((its(7Ln(( It forms perithecia which are situated 
on till* leal-libs also conidia {Maisonm potintillac) 

C. subtilis Fuck On leaves of PoUntdla cbiuua 
0 circinans Fries On leaves of Goatiium lotmuh folium and 
G iiiolli 

0. petasitidis Fuck On leaves of PdasUcs offianahs 

Trichosphaeria. 

Perithecia small, spherical oi ovoid, and more or less hairy 
Paraphyses distinct. Spores with one, two, or foui cells 

We give tins genus a vvidci scope than Winter, and include species with 
one, two, and foui celled ^poles of In.iline or light coloui, and whose 
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other characters coincide ; this seems to be all the more justifiable since 
one finds on the same species asci with spores made up of one, two, or 
four cells. 

Trichosphaeria parasitica Hartig.^ (Britain and U.S. 
America.) Everywhere in young naturally regenerated woods 
of silver fir, especially in damp places or where the plants 
are crowded, one finds partially browned needles hanging 
loosely from the twigs, held only by a fine white mycelium 
(Fig. 87). In addition to this, one finds in spring young 
twigs completely enveloped in mycelium, with all their 



Fig S7 —Tneho$ph(wia jxirasthfa on Sihor Fir The withered and d»id 
needles hang loosely downwards, attached to the twig onh by a white nij cdniin 
(v Tva>euf phot ) 


needles killed, so that the twig itself soon dies. Tlie white 
mycelium grows especially on the under side of tlie shoot, 

and on the lower epidermis of the horizontal needles. A 

pseudoparenchynia, consisting of layers of mycelium, is there 
laid down, the lowest layer of hyphae sending short cone- 
shaped haustoria into the walls of the epidermal cells (Fig. 88). 
Inside the needles, occupying the mtercellular spaces, there 
are numerous branches of septate hyphae, which kill the cells 
of the leaf. The perithecia occur here and there on the 

mycelial coating outside the leaf ; they are spherical and 

blackish, with radiating hairs. They contain paraphyses and 

’ B. Hartig, “ Ein neuer Parasit d. Weisstanne.” Alleg. Fornt.-u, 
Zeitung^ Jan., 1884. 
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asci, the latter with eight four-celled light-grey spores, which 
germinate directly and distribute the fungus over new host- 
plants. 

I found this same fungus on Tsuga caTiadends'^ at Baden- 
Baden, and on spruces in several parts of the Bavarian forests.^ 
It, however, rarely attacks spruces, although they often occur 
in the same forest with firs. One of the cases of infection 
referred to above was caused by the diseased branch of a fir 
lying in contact with a twig of the spruce, so that the mycelium 
grew from the one to the other ; the spruce needles were killed, 
and woven on to the twig by hyphae. 



Fig Sii — Ti lehoiphaena iHiramUca Mjceliiil cushion on lower side of Fir 
noodle a Filitnontous mjceliuni, which, at b, sends downwards numerous 
branches to produce a cushion of parallel hyphae, c Where the mycelium rests 
on the epidermis, rod like haustona are sunk into the outer wall of the epidermal 
cells, I I , d shows the m j celial cushion slightly detached from the epidermis, so 
that the h lustoria have been withdr iwn ; j Epidermal cells filled with brown 
contents q h Chlorophyllous mesophyll, which becomes brown after the 
niycclium has penetrated to it i Outei court of i stoma filled by a mycelium 
with no haustoria, V)ut adheiing to the waxy granules of the stomatal aperture 
(After R Hartig ) 

In woods of young silver in naturally regenerated this fungus 
causes great damage by killing numerous twigs. It occurs every- 
where in young fir forests, i.g. the Alps, Bavarian forests, the 
Black Forest, etc. On dry airy situations, on free-standing 
trees, and on the highest branches of a tree, it is rarely present. 

^ V. Tubeuf, Bettragt z. Kenntn d. Baumh ankheiten, Berlin (Springer), 1888. 
*v. Tubeuf, “ Trichosphaeria parasitica der Fichte.” Botan. Centralhlatt, 
XLi., 1890. 
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Its injurious effects can be minimized by removal of attacked 
branches* 

Trichosphaeria sacchan Massee, is regarded as a dangerous wound 
parasite of cane-sugar in the Antilles ; it seems to obtain entrance chiefly 
by the canals left by a caterpillar.^ 


Herpotrichia. 

The smooth dark perithecia bear long brown hairs, which 
do not stand erect and stiff, but are more or less prostrate. 



Fm. 89 —Ikrpolrichia ntqra on a branch of Pmu* nonlana The oiidt. ui the 
twiga, with most of the younger ucedleH, are atlU green , the otliers are dead and 
felted together by hyphae into a black inaae. (v. Tubeiif phot ) 

The asci contain eight spores, at first generally two-celled, later 
becoming four-celled. 

^Massee G., Annals of Botany, 1893, p. 515. 

Barber, Experimental Cultivation in St. Kitto,” Leeward Islands Gazette, 
1894. 
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Herpotrichia nigra Hartig.^ This parasite is distinguished 
by its grey mycelium, which covers and completely envelops 
twigs and young plants. On the dwarf mountain pine it is 
not uncommon to find branches bearing patches of blackened 
needles closely bound together by gossamer threads, the other 
parts remaining still green and forming a background against 
which the blackened masses show up prominently (Fig. 89). 
Young spruce plants under a metre in height and the lower 
branches of taller trees are frequently completely enveloped in 
mycelium, and, where they have been pressed down to the 
ground by weight of snow, the twigs may be woven round 
and fastened to the earth by a felt of mycelium. 


Fu) W — Hapotiichia nip^a «, hjph.ie we.iv- 
ing a granular mycthum on the surface of the 
needle and forming tuhur-like bodies over the 
stomata , rod -like haustona are hunk into the 
outer walls of the eindcrmal cells (After R 
Hartig) 



I have frequently observed the fungus on Jitnipcms com- 
munis, especially in Bavarian forest-land, and on Jmipems 
nana in the Alps. Professor Peter found it on the latter 
host in Sweden. 

The spherical dark-coloured perithecia are covered with 
prostrate hairs, and contain asci with eight four-celled spores. 
The spores germinate directly to hyphae. The mycelium closely 

^R. Hartig, “ Herpotiichia nigra.” Alleq, Worst. -u. Jagd-Zeitunq, 1888. 

V. Tubeuf, “Mittheilung ub. einige Feinde d. W^des.” AUfg. Forst.-u. 
Jagd-Zeitung, 1887. 




ASOOMYCEtBS. 


envelops the needles and sends out haustona similar to 
Tiichosphmna parasitica (Fig. 90 ) 

ffeipotnchm is, in high-lying situations, a very dangerous 
enemy of young spruces, and nurseries m such places have 
frequently to he abandoned owing to the death of all the 
plants Serious damage also frequently results m young planta- 
tions where snow lies long and keeps the young trees piessed 
down towards the earth Then the fungus, even under the 
snow-covering, weaves round and fixes the shoots so firmly 
together, that only the healthy ones are able to free themselves 
again and to resume their growth m spring 

As preventive measures, nurseries should not be established 
m high situations, nor m vallejs where there is a large snow- 
fall, while 111 localities liable to attack, the planting of joung 
trees in basins or cups (hole-planting) should be avoided Tht 
loss fiom crushing-down by snow may be lessened by la} mg 
trunks and branches of felled trees amongst the young plants, 
and by gomg over them in spring, raising up all prostrated 
plants 


MELANOMEAE 

Rosellmia 

The perithecia generall} occui in numbers together the} 
are black, and smooth oi studded with bustles The asci 
contain eight oval, spindle-shaped, dark-coloured, one-celled 
spores Filamentous paraph} ses are always present 

Rosellmia quercma Hartig* The oak-ioot fungus This 
fungus lives m the roots of oak seedlings one to three }ears 
old, and causes the leaves and shoots to become pale and to 
dry up It spreads onl} during damp weather, especiallv 
in June, July, and August In wet }ears it may cause verv 
serious damage, especially in seed-beds The m}celium pene- 
trates into the living cells of the root-cortex, extending even 
to the pith At first the mycelium is hyaline, but latei it 
darkens, and the hyphae become twisted togetliei into spun 
thread-like strands — the ihizuctoma These structures appl} 
themselves to roots of neighbouring plants, and soon enclose 
them m a weft of hyphae, by this means the disease is 

Hartig, Untersuch aun d fmstbotan Imttlul zu MUncheu, Berlin, 1888 
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propagated thtough the soil from plant to plant. There is a 
resting-stage in the form of chambered sclerotia, black tuber- 
like bodies which have their origin in the cortical parenchyma 
of the roots and break out through the cortex, Eeproduction 
is effected throughout the summer by means of conidia, pro- 
duced from a mycelium which vegetates on the surface of the 
soil ; this mycelium bears conidiophores with whorled branches, 
from which the conidia are abjointed. 

The perithecia are spherical structures composed of hyphae 
with walls which swell up in a gelatinous manner. At first 
the inside of the perithecium is a gelatinous mass containing 
the paraphyses and the rudiment of the ascogonium. As the 
asci are developed, they push their way into the gelatinous 
mass amongst the paraphyses. Each ascus is a long club- 
shaped tube, the apex of which is thickened and stains blue 
with iodine, showing at the same time a canal piercing it. 
The ascospores are canoe-shaped with sharp ends, and when 
mature have a dark brown colour. The spores germinate in 
spring ; in water-cultures germ-tubes are emitted twenty-four 
hours after sowing. The spores open by a longitudinal slit, and 
a germ-tube emerging from each end branches into a mycelium 
which soon takes on the form of a rhizoctonia-strand. Infection 
takes place through the tender non-cuticularized apices of roots. 

The fungus may l)e combated if diseased portions of seed- 
beds are isolated by means of trenches dug round them. If 
boards soaked in carbolic acid or coal-tar are placed upright 
in the trenches, greater certainty will be secured that the 
disease does not spread. 

Several species of Ehizoctimia, probably related to the above, 
may now be briefly considered. 

Rhizoctonia violacea Tul.^ (U.S. America). Root-fungus of 
lucerne and clover. The presence of this disease is shown in 
summer by the plants withering, and finally dying. The mycelium 
lives inside the roots, and covers them externally with violet 
coatings on which the sclerotia appear as black tubers. 

On plants with sclerotia, Fuckel found pycnidia and perithecia of 
Leptoaphaeria {Trematosphaeria or Bysaothecium) cminans \ whether the 
various forms were related could not, however, be determined. 

^ Bostrup, Undersoegelaer aTKjaaende Siximpedaegten Bhizoctonia, 1886. 

Tulasue, Furigi hypogaei, PI. IX. and XX., 1851. 
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The disease spreads through fields in a centrifugal direction 
from » starting-point. Besides the above plants, it is also 
said by Kiihn to attack carrots, sugar-beet and mangolds, 
fennel and potatoes ; and Tulasne gives asparagus and red 
clover as hosts. Prunet ^ believes that the fungus remains 
three years in the soil, and recommends that diseased fields 
should not be cropped with lucerne or clover for several years. 
He also advises the isolation of infected land by surrounding 
it with a deep trench in which sulphur is strewn, then covered 
over with soil. The enclosed plot should next be deeply 
trenched between June and August, and all plant-remains 
removed and burnt. 

Rh. crocorum D. C.^ The Saffron destroyer. This parasite 
attacks and kills conns of the saffron {Crocus safivus). The 
mycelium finds entrance by the stomata of healthy corms, 
and covers them externally with a web of violet- coloured 
mycelium. 

Rh. solan! Kuhn, occurs as black sclerotia on the skin of 
potato-tubers. 

Rh. batatas Fr. occurs in America on sweet potato. 

Rh. allii Grev. occurs on tubers of shalot {Allium ascalmiicum) 
and onion {A. miivmii). 

Rh. betae Kuhn is said to attack beet-root in America.® 

We may also consider at this place : 

Dematophora necatrix Hartig.^ The vine-root fungus. 
This parasite causes a veiy destructive disease of the vine, 
and is often confused with attacks of the Phylloxera-insect. 
It occurs in the United States, and is common throughout 
France, Switzerland, Italy, and South-west Germany, being 
known under a variety of names.® Occasionally it has been 
known to attack the roots of fruit trees and other plants 
cultivated in vineyards, 

^ Prunet, “ Sur le Rhizoctone de la Luzerne.” Compt. rend.t Paris, 189.3. 

Fr. Wagner, “ Daa Vorkommen dea Wurzeltutera d. Luzerne.” Ztitsch. d, 
Landmrth. Verein in Baytni^ 1894. 

^Prillieux, “Sur la maladie dea Safrans.” Compt, rend., xciv. and xcv. 

Tulasne, FuJigi hypogaei, PI. VIII., 18.51. 

^ Iowa Agric. Exper. Station, BuUetin 16, 1891 ; with illustrations. 

*R. Hartig, Unternuchungen am d. fordhotan. Imtitut zu Mknchen, iii., 1883. 

8 Wurzelpilz, Weinstockfaule, Pourridici de la Vipte, Pourriture, Blanc des 
Racines, Blanquet, Champignon blanc, Aubernage, Mai itero, Morbe bianco, etc. 
(Hartig’s LehrburA). 
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Denrmtophora forms fine rhizoctonia-strands which grow 
through. the soil from root to root The mycelium kills the 
fibrous rootlets, and spreads from these into older roots to 
form rhizomorph-strands, which, however, have a structui*e 
quite distinct from those of Agancns imlleus. The rhizomorph- 
strands may pass out of the root into the soil, there to foim 
a filamentous mycelium, or, remaining in the root-cortex, may 
produce rows of black tuberous scleiotia which on maturit) 
break out to the exterior On the sclerotia, or other parts 
of the mycelium, bristle-like conidiophores may be developed 
as branched panicles from which ovoid colourless conidia arc 
abjointed. 

This enemy ol the Nine is rapidly assuming great import- 
ance Thus, for instance, m Baden, ‘ there is no Phylloxeia, 
but whole tracts of Miie land are infested with Demat(ypho)a 

According to Viala ’ Bnnatophoia forms perithecia, which, 
however, only de\elop after artificial culture for several vears 
on decayed plants If this be so, the fungus should be classi 
fied between the Tuberaceae and the Elaphoni} cetes Berlese ^ 
however, contests this view, and regards it as nearlj i elated 
to Roselhnw 

Hartig* suggests impregnation of the vine poles with creosote 
as a means of combating this disease 

Stnckena 

Stnckeria Kochii Korh deAelops its perithecu on the coittx of liMug 
Rohima Pseudacana , its |iardsiti8in in howe\ei not ut full\ estahlihhed 

CUCURBITARIEAE 

Gibbera 

The black perithecia, beset witli stifl bristles, arc developed 
in large groups on a dark pseudoparench} matous stroma 

Gibbera vaccinii Sow (Britain) In damp situations amongst 
moist patches of HypTium and other mosses, one often finds 
the cowberry {Vaccinmm Vihs-Idoed) with its leaves and 

^Bemling, D<m Aufireten t Jiefmikrankhetten tn Baden, 1891 

* Viala, Monoffraphie du Poiimdu d Viqnes, 1891 

* Berlese, Rtinuta di jxUdogia vegetcde, l 

I[a.rt\g, Lehrbuch d fiawwimwitAeUen, English edition, 1894, p 87 



GIBBERA. 


205 


twigs brown and dead (Fig. 95). If more closely examined, 
the twigs will be found to bear patches of coal-black, 





Fig — Gibbeia laccinn Isolated asciis 
with eight sjiores , isolated hair from the 
outside of i pentheciuni (v. Tubeuf del.) 


Fifl 9b—6ibbeia vaccinu on 
t'owbeirv The perithecia form 
black patches on the living leafy 
branch, as well as the dead brown 
one (v Tubeuf del ) 


Fin 97 —Oxhbtra vaccinii Cross-section of Cowberry showing 
a patch of perithecia in section ; the hairy perithecia contain 
paraphyses and asci with spores ; a mycelium permeates the 
tortic^ tissue of the host Short hooked hairs cover the 
epidermis of the stem, (v Tubeuf del ) 


spherical perithecia, which are coated by short, acute, unicellular, 
black hairs (Fig. 97). The perithecia contain paraphyses and 
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asci, the latter with eight or fewer hicellular dark-coloured 
spores. The mycelium is dark-coloured, very vigorous, and 
furnished-’with many lateral bladder-like outgrowths , it permeates 
the whole cortical tissue as far in as the wood, and under the 
epidermis forms a brown pseiidoparenchymatous stroma, which 
extends over the cortex, and gives rise to numerous perithecia 
The living cells of the cortex turn brown in presence of the 
fungus-mycelium, and collapse, causing the w'hole shoot above 
the place of attack to wither and die. 

Oucurbitaiia. 

The dark perithecia and pycnidia break through the epidermis 
in large numbers The^asci contain six to eight brown spores, 
divided by cross-septa. 

Giicurbitaria labumi I’ers^ (Britain) The spores of this 
fungus germinate on wounded parts of laburnum 
Laburaum), and, as the branches of attacked plants soon die 
off, considerable damage to nursery stock may result The 
mycelium spreads through the wood, particulail} the \es«els, 
in spite of the early stoppage of these by a }ellow wood-gum 
Diseased parts of the wood of living brandies apiiear as daik 
strips , reproductive organs are produced in the bark, and 
there the plant attempts to isolate the diseased jiarts b) con- 
tinued cork formation 

11 diseased, but still living spots on stems be examined, 
they will be found to include many jellow and black }»ustule- 
like swellings, some buried in the bark undei a periderm eight 
to ten cells in thickness, others in j>rocess of breaking tliiougb 
or altogether exposed. Many of the pustules will attract 
attention from the presence of red twisted, elongated tench ils 
on them. On the lower parts ol dead branches the same 
appearances will be found, but, in addition, the }K*iiderm will 
generally be luptured, and the openings so produced hi led with 
spherical daik gre} or black fructihcations These aie \<iTial}le 
in form, and amongst them can be distinguished some which 
are very large, lound, smooth-coated, and light-coloured, with 
a round pore , others, which appear more warty, and have a 
depressed opening, while still others, generally smaller, have 

W Tubeuf, ^^CucurbUana lahurnt ” liotan C^Vn/ro/WaC/, xv\i , 1880 
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an acute beaked pore. Where the bark has been lost, a 
good lens may distinguish the spherical or ‘ovoid dark-coloured 
perithecia. On the finer twigs the whole 
bark is often perforated by numerous tiny 
pycnidia, hardly distinguishable with the 
naked eye. 

If these various forms of fructification be 
submitted to microscopic examination, sections 
through the yellow pustules will show them 
to have that colour, because the transparent 
periderm has become loosened from the rest 
of the bark ; underneath the corky layers 
will be found a red stroma of pseudo- 
parenchymatous hyphal tissue. This stroma 
by its growth causes a gradual rupture and 
loosening of the corky and other layers of the 
periderm ; wherever this takes place, conidio- 
phores are developed, and give off numbers of 
tiny, hyaline, ovoid or cylindrical conidia. 

The stroma itself is somewhat spongy, and 
encloses numerous cavities which also become 
lined with conidiophores. At a later period 
the tissue enclosing these cavities may become 
dark coloured, so that structures similar to 
pycnidia are formed. In such cavities the 
red colour disappears, and the hyjdiae, coni- 
diophores, and conidia appear transparent. 

The real pycnidia appear latei, and consist of 
a peridium of coarse pseudoparenchyma con- 
taining conidia similar to tho.se just described i,,„. qs - cucuriHta> m 
(Fig. 99, A). From the openings of these 
pycnidia the conidia emerge as red tendrils, were^n 

rising as much as one centimetre above the 
pore. Adjoining tliese forms of sporophore rind the 
just described will be found others : unde- ri'd^fthSerit^^ 
veloped perithecia with young asci ; dark- “nd the^ScfiiuS’^hi 
brown pycnidia with brownish-grey, multi- 
septate, compound conidia ; or similar pycnidia 
with unicellular spherical, brownish-grey conidia. 

Where the disease has made further progress, the pustules 




208 


ASCOMYCETES. 


will bev found changing from yellow to black pn account of 
the periderm and dead stroma becoming darker. On dead 
branches* the large cushions of fructifications will be found to 
include: (a) perithecia with a warty exterior and pores set 
in a depression; (b) large pycnidia, standing out from the 
cushions, with brown smooth coats, and full of compound 
multiseptate conidia (Fig. 99, b; see below No. 8, a); (c) 
other smaller pycnidia containing the same conidia, but whose 
pore is situated on a sharp prominence (No. 3, b). All or any 
of the three forms may be present. 




Fm —Cuca/I/Uana Uilmrm A, Htroma with pycnidia containing minute 
unicellular conidia B, One of the large smootli pycnidia fAfter i Tnbciif ) 


The mature perithecia have a peridiiim consisting of a loose 
pseudopareiichyma with a rough warty exterior and a pore set 
in a distinct depression (Fig. 100.) The paraphyses are long, 
strong threads, often branched, and between them arise the 
long cylindrical asci with rounded ends. The normal number 
of ascospores is eight in each ascus, but fewer is no exception. 

In addition to the fonns already described, pycnidia of still 
another sort occur (No. 1, c). They are spherical, with a 
dark-coloured coarse peridium, and are smaller than the stroma- 
pycnidia. These pycnidia contain no conidiophores, but give off 
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unicellular conidia, at first white, later grey. It is these pycnidia 
which cause the fine perforations of the periderm of twigs. 

Yet another form of pycnidia, previously known as Diplodia 
cytisi (Awd.), (No, 4). This, like the last, breaks through the 
' corky layers of the bark. It has a peridium composed of loose 
pseudoparenchyma and, without the intervention of conidio- 
phores, produces two- celled conidia of a dark greyish-brown 


A 



Pio., 100 — CiHinhitaua lahuini Pcrithecium isolated A, Ejaculating aHCU‘. 
with the imioi mcnibiane as yet uiiiuptured, hut emeignig heyond the outei 
ruptured coat (After v Tubeuf ) 

colour. This form, however, I failed to find in the course of 
my investigation, although I looked through much material. 
Tabulating these various forms of fructification we have : 

A. Pycnidia. 

1. White trail spare] it, small, unicellular conidia on long conidiophores : 

(a) Free on the stroma. 

(b) Enclosed in cavities in the stioma : 

(tt) In cat ities as yet not lesembling pycnidia. 

{(3) In cavities with firm dark-coloured periphery. 

(c) Enclosed in dark -coloured free pycnidia, with a peridium of coarse 

pseudopareiichyma. 

2. Brown, unicellular, round conidia, in little brown p} cnidia (Fig. 99, a). 

0 
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3 Brown, multiseptate conidia 

(a) In brown, very large, smooth-coated pycmdia (Fig 99, b) 

(b) Jn darker and smaller pycnidia with pointed aperture 

4 Brown, bicellular conidia, in little dark pycmdia {Dtplodia cytin) 

B Perithecia 

5 Brown, multiseptate ascospores, in perithecia generally of dark colour, 
and with depressed pore (Fig. 100) 

Cucurbitaria sorbi Karsten This fungus appears to pro- 
duce disease in a manner similar to C Inhuim It was described 
by me in 1886 ^ from specimens collected in the Ba^allan 
forest-land fiom young Pi/ius Aiuupana The) were easily 
distinguished in August b) their withered twigs, both ]>ark and 
wood being killed in tracts b) the m}celium In another 
locality I found well-do\elo])ed perithecia, «ilso on P Auuipaim 

Cucurbitana pityophila Fries occurs on the living branches 
of various conifers, eg Finns Cimhia 

SPHAERELLOIDEAE 

Stigmatea 

The naked iterithecia aie superficiall) seated mi tlie sub- 
stratum Tlie ascospores, eight in each ascus, are clear and two- 
celled The species are parasites 

Stigmatea robertiani hr (Britain and I s America) Occuis 
on living leaves of Gernnium Rohrtiannm 

St ranunculi Fries On living leaves of Jiani/ncnhis npin'i 
(Britain and U S America) 

St mesplh Sor (US America) This species appears in 
spring as reddish-brown si>ots on the leaves of wild pear-trees 
At tliese places the epidermis becomes ruptured, and cushions 
are formed from which brown conidia are given of! fiom shoit 
conidiophores This stage was formerly known as Moitimra 
mespih The coindia art at first obovoid, but later seem to 
consist of four separate cells arranged m a cross, and each 
furnished with a transparent bristle Each conidium produces 
a germ-tube winch penetiates the epidermis, and in a month 

’ I have since found from Saccardo that this fungus was deMcribetl by Karaten 
(Mycol Fenn , ii “ad ramos deiectos Sorbi aw upariat in Fennia mend et media”), 
it was, however, unknown for Germany to that author (Auth ) 
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new conidial cushions may appear The mycelium itself is 
brown. From winter to spring, brown perithecia containing 
eight-spored asci may be found on the same leaves formerly 
occupied by the conidia The colourless spores consist of two 
unequal cells , they germinate in May, before or after ejaculation 
from the asci, and bring about new infections 

St polygonorum Fr occurs on leaves of Polygonum (Britain and U S 
America) 

St. andromedae Eelini On Iniiig leaves of Andtomeda fob folia 

St aim Fuck On living leaves of Alum qlutmosa 

St junipen Desm On living needles of Juniperus <ommnni^ 

Ascospora 

The mycelium forms brown crusts under the host-epidermis, 
and there the perithecia dev elop The asci are small and 
contain unicelluLir hyaline spores The perithecia contain no 
paraphyses 

Ascospora Beyermckii VmlP The comdial foim of this 
fungus {Coiynann Bcgc'iincl ii) produces a form of the “gum- 
flux” of cheriy tiees The injcelium lives in leaves of cherry, 
peach, plum, apricot, almond, which in consequence become 
spotted, and die off along with the young fruit Mature 
perithecia may be found in spring The fungus lives to a 
certain extent as a saprophyte 

Sphaerella 

The delicate perithecia aie embedded in the tissues of the 
host-plant they contain asci with two-celled colourless spores, 
but no paraphyses aie present 

Sphaerella laricina Hartig “ The needle-cast fungus of 
Laich This fungus is the cause of a dangeious larch-disease 
found everywhere, except in mountainous localities over 1200 
metres The symptom's of disease consist m the needles becoming 
brown-spotted and falling prematurely in summer Cushions of 
conidia are formed in June on the brown spots , these enlarge, 
and from their surface rod-shaped, four-celled conidia are 

^ Vuillemin, Titrt'i ti tuuanx n ient%fiqne<(, 1890 
*R Hartig, Forsthrh natin in'f'i Zeit'^chnft, 1895, p 445 

Through the kindness of Prof Hartig we have been enabled to add an 
account of this important new disease, with the accompanying figures (Auth. 
and Edit ) 
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abjointed (Fig. 103), in the interior of the spots are produced 
tiny conidia {Leptosfroma larinmm), incapable of germination. 



Fio 101 —Tuft of Lirch iitcdkh Iht mimbir of which arc more or Itnh 

itt.ukul b\ '^iihuinlla Icunnu (After U llartig ) 

The rod-shaped coiiidia infect jhirticul.iily the lower iieidles of 
the cro\Mi, and three weeks thercfifter new crtiiidifd cushions 



Pk. 102 — ispham-flo laiic I SLcfitai thiough a diHeHaenl kjkiI on u hudi 
ncsedle Ihe interior of the luif i« jieinieutod with tlie iiitereelluhir nijcelitiin 
Two conidul ciihLioiin are tthown from thene nuniurouM long rod Mha]H.a coiiidia 
are mven off extern illj (those of the upper cuahiuii have ueaily aU been earried 
off by ram), while cavititn iimide the ciishioua are filled witli micro (onidia 
X a. (After R Hartig ) 


appear. Their distribution and germination are facilitated liy 
wet weather. The perithecia (Fig. 104) are matin ed towards 
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spring m the fallen needles, which lie on the ground over 
winter The ascospores are mature and capable of infection 
at the beginning of June In forests of « 

pure larch, or in mixture with spruce, the ^ 

ascospores are easily distributed by wind (\0(in Uu 

In larch, underplanted with beech, the spores \\ \ i 

are kept down towards the ground by the u ' I 
canopy of beech foliage, so that, during the 
summer, they cannot be carried up to the 
larch crown. 


on its distribution 

« A 1 j 1 - 1 i.1 1 Fig 10 '{ - a, Rod shaped 

As already remaiked, the perithecia de- umidia before and after 

1 ,1 X* 11 1 i ji detaclinient from the 

velop in spring on the lallen larch needles, bisidta u Micro tomdu 

j 1 1 11.-1 1 from the interior of the 

and in low-lynig localities the spoies reach cushions x 4 ^ (After 
maturity at the beginning of June New ^ 
coiiidial cushions are not found on the larch m our neighbourhood 
before July The parasite has thus four months at its disposal 


1 IG 104 —iipkaerdla lane n Section through a diseased larch needle in Juno 
after it h iH 1 vin on the grt nnd from the previous year The mycelium is thick 
thick walled and of a light brown colour The ponthecia contain asei and asco 
spores To the extreme right is a pycnidium coutamuig little oblong comdia 
dongsido a perithecium x if (After R Hartig ) 


for distribution by means of comdia As, however, we ascend 
into the mountains, the snow lies longei, so that the perithecia 
cannot begin to form so early, the ascospores are correspondingly 
late m reaching maturity, and the season during which the 
parasite may spread is still further shortened by the earlier 
commencement of winter. At an elevation of 1500 metres. 
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active vegetation begins about two and a half months later than 
in the plains, %.e. at the beginning of June. The season of 
mature spores of SphaereUa is thus delayed till about the 
middle of August. On 26th September I found at this elevation 
only a few spots on the larch needles, and 
on these hardly any conidial cushions By 
28th September this larch plantation was 
already under snow ” 

“ It will thus be seen, that while at a 
high elevation the larch can flourish with 
a vegetative })eriod extending onl) to three 
and a quarter or four months, the SphaniUa 
has not the time necessar} for its de\elo]>- 
ment, so that the larch, though much 
handicapped, lein.iins health) Similail) 
with the laicli in Siberia, it glows theie, 
as m the mountains, \ei) slowl), )ei this 
parasite c<in no longer reach it” 

SphaereUa fraganae Tul stiawheri) 
leaf - blight ^ In summer fiee conulia 
{Ramidoua I'nla^nn Sacc ) and p)cnidia 
are jiroduced, while the perithecia ripen in spring 

[This destructne disease of the straw berr) has lieen recorded 
from all paits of the Tnited States It first a])peais on the 
upper surface as small reddish spots, which rapidl) enlaigi, 
the centres withering and browning The giowth of the plants 
and the crop-}ield is seriousl) impaired] (Edit) 

Sph. gossypina Atks^ [Cotton leaf-bhght is a disease on 
leaves of the cotton plant caused Iq the C < ()f tins 
fungus Small reddisii spots appear on the leaf, enlarge, and 
become di) whitish spots with a red maigiu The conidia 
are elongated and pioduced in long chains The asci contain 
eight elliptical spores, which are slightly constricted at the 
septum when mature, one cell being usuall) somewhat smaller 
than the other. This disease freqiientl) accompanies that one 
known as “yellow leaf-blight,” or mosaic disease] (Edit) 

'Trelease, Wincwistn Exptr StcUioJi, 188.') 

Senbner, F L , Rejtort U S Dept of Atfrtculfnre, 1887 Plate Other 
papers by Arthur, Dudley, and Carman 

^Atkinson, Bulletin Torrey Botau Club, Vol XMir , 1891 



tK lOj —Enlarged aso 
a Immature osci w itbc ut 
paraph vset. as on Apnl 3n 
I Mature from one < f 
whieh tilt Bixires are tscip 
ing as on I une 1 x ^ j 
(After R Hartig ) 
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Sph. mori Fuck, causes a similar disease on leaves of mulberry (U.S. 
America). 

Sph. taxi Cke. On the yew.* 

Sph. longissicna Fuck. On living leaves of Bromug asper. 

Sph. depazeaeformis (Auersw). On living leaves of Oralis acetosella and 
Ox. corniculata. 

Sph. brassicicola (Duby.). On withering leaves of Brassicae. (Britain 
and U.S. America. 

Sph. laureolae (Desni.). On living leaves of Daphne I aureola. 



Sph. hedericola (Desni.). On living leaver of ivy. (Britain). 
Allescher''* describes other fungi on ivy. 

Sph. Gibelliana (Pass.). On living leaves of Citrus limonum and C. 

Sph. polypodii (Rabh.). On living fronds of Polypodiam vulgare, Aspidium 
FilLr-mas, Asplenium Trichomane% Pteris aquilina. 

Sph. vitis Fuck. On withering vine-leaves. 

* Worth. G. Smith, Gardener' s Chronicle, xxi., 1884. 

® Allescher, “ Blattfleckenkrankheit d. Eyhnes, ” Zeitsch.f. PJl.-krankheiten, 1895. 
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Sph sentma (Fr ) (U S Ameiica) In spring of 1891 this caused at 
Geiseiiheim ^ a severe spot-disease on the leaves of certain varieties of peai 
Other related species occur on pear 

There are numerous other species of Sphaetella Saccardo gives 279 
species, many of which are probably more or less prejudicial to plants in 
orchard or garden None, however, are recorded as very injurious 


Laestadia.^ 

This genus is similar to Sphaerdia, but has one- celled 
conidia , it is distinguished from Physalo^^pora by the absence 
of paraphyses 

L. maculiformis (Bon) on living leaves of various trees 

L. (Physalospora) Bidwellii (Ellis)® (Britain and U S 
America) The Black-rot of the Vine This parasite attacks 
all young organs and shoots of the vine On the leaves the 
symptoms are spots with dark sharplj -defined margins, on which 
the pyciiidia appear later as minute black pustules The leaves 
die, but do not fall off, as with Sjyhacdovia ampehmnn The 
berries show disease when only the size of peas, and finally fall 
off singly or in clusters. The grapes are not dusty with a 
mealy powder, nor do they burst as in attacks of Oidivm 
T ml ill Two kinds of pycnidia occur one sometimes described 
as spermogonia has very small rod-like conidia, borne on thiead- 
like conidiophores , these conidia have not as yet been seen to 
germinate The other jiyciiidial form {Plioma uvicoJa of Jk^rk 
and Curt ) contains forked filamentous conidiophores, from 
which one-celled ovoid conidia (stylospores) are produced and 
soon germinate by emission of a septate hypha The latter 
form of conidia is produced after the spermogonia, and may be 


’ Oeimnheim Jahrbuch, 1892 

^According to the laws of priority this genus must, as shown by Magnus 
{Oesterretih hotan Zcit , 1894, p 201), be called Carha Bon 

•* Bibliography Cavara, Iiifomo al dmecamento dti qrappoli della 'nte, 1888 
Thumen, “ Die Black rot Kiankheit d Weintrauben ” Alk(f Wunzeitunq, 
Vienna, 1891 

Galloway and Scribner, Repot tn for 1888 89, U S Dept of Agriculture 
Viala and Ravaz, Len Proqrea ar/nc et vitwole Montpelier, 1888 89 
Rathay (1), Dev Black rot, 1891 With 19 figures (2) Bencht uh etne narh 
Ftanhreichz Erfomchunq d Black rot KranUiett Rewt, 1891 With 7 figures (3) 
Der Wh%tt tot in die Weinlaube, 1892 

Viala Die Ktankheiten d WeinstockeA 

Lmhart u Mezey, Die Krankhdten d Wembtockes, 1895 (Hungarian) 

H S Dept of Agriculture Numerous references in reports and bulletins, 
where details of treatment experiments will be found 
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found right on into autumn even throughout the winter. 
Hibernating sclerotia are also produced, the cells of which grow 
out directly into septate conidiophores with oval conidia 
Perithecia, externally resembling pycnidia, are formed in May 
and June on the fallen berries of the preceding year The 
asci have gelatinous walls which swell and burst so as to 
ejaculate their spores Viala and llavaz successfully infected 
living grapes by means of the larger conidia, and also by 
the germinating ascospoies 

The disease is one of tlie most dreaded in Ameiica It has 
been found also in Euiope, having been observed in Fiance 
since 1885, though not as }et in (Germany, Switzerland, Italy, 
or Spain Moist situations are favoura]»le to it As with 
other diseases of the vine, the vaiious varieties have difitrent 
powers of n'Sistance, and a judiuous selection of varietus may 
piove a good i»reventive measure According to Viala, the 
black-rot is found in the United States on both wild .ind 
cultivated vines but never on the fruit of V'ltis utpibfub, V 
Ik tJantic) i, V (.imua, V Liusaoinii, V Motihcula, and V 
/f(it(h(nns, and vei} laiel} on their le«ives The “vine-stocks” 
themselves suffer little or nothing from the disease llathay 
sa}s that ViU^ iijiana V and V Soluni'-^y so im- 

portant as grafting-stocks, are seldom affected , the green 
shoots of other species, however, ma} be attacked and the 
disease be transmitted thiough the giaft-slii) 

For combating the disease (fallowa), Pnllieilx, and rEcluse 
lecommend P>ordeau\ mixtuie^ 

Laestadia buxi (I)esm) The perithecia of this species aie 
found as tiny points on }ellow spots on the lower surface of 
green leaves of box This fungus, regarded by Desmazieres as 
saprophitic, is said by Briosi and Cavara to be parasitic 


PLEOSPOREAE 

Physalospora. 

The perithecia are formed undei the epidermis, but are 
otherwise devoid of covering , they contain asci and paraphyses , 
the spoies are one-celled, and ovoid or elliptical 

^ For details see Rathay (loc ( d ), the American bulletins, etc 
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Physalospora laburni (Boiiord ) occurs on living twigs of Cytisus Lahurnwm 
Ph fallaciosa Sacc On withering leaves of Aletiu and Mma in Berlin 
Botanic Garden 


Didymosphaeria. 

Perithecia similar to PhyMlospom, but with two-celled spores 

Didymosphaeria genistae Fuck occurs on Genista pilosa 

D epidermidis (Fiies) On living branches of Beiheru, 8amhvc\i% Sahr, 
and Eucalyptus (Britain and U S Ameiica) 

D albescens Niessl On Ining blanches of Lonicera Xylosteum and 
Myrirana qermanica 

D dryadis (Spegazz ) On living leaxes of Biyas octopUala (US 
America) 

D populma Viiill Piillieux and Vuillemin ^ legard this as a parasite 
and the cause of a peculiar d^ingofF of Popvlus pyutimdahs thioughout 
Germain , Rostru}), on the othei hand, ascribes this to Dofluont '^pha ?wd<^ 
Fr Prillieux regards Napidadium tnmulae as a conidial foini of Dnh/mo 
sphaeria f Vuillemiii, hovexei, beliexes it to be sipiophxtic 

Venturia. 

The perithecia are embedded in the stroma, and have stih 
bristles louiid the pore, they contain both paiaplij&es and 
eight-spored asci The spores aie two-celled, with or without 
colour 

Ventuna geranii Fr occnis on the Ining leaxes of Goamum 2 *«f^dU(ia 
G. woUe etc 

V rumicis (Desm ) On witheiing leaves of Uitmei (Biitam) 

V maculaeformis (I)esin ) On living leaves of Lpdohinm 

V vermiculariaeformis Fuck On withered leaves of Etnmymu^ cwopaen^ 
and Lonnera Xylosteum 

V Straussii feacc et Roum Ihis I have found as a paiasite oii Eiua 
cainea in Txiol It is also said to cause a disease on Ericaceae in Fiance 

The varioub coiiidial loriii-s at present placed amongst the 
“Fungi imperfecti ” as Fiivcladivni are probabl} lelated to 
Vtntuna 

Fusicladium dendriticum Wallr on apple, and F. pirinum 

Lib on pear, are at present the subject of an investigation at 
the hands of Aderhold,^ who has, on account of their perithecia, 

'^Bullet de la aoc mycot d( Fiance, 1892, Compt leinl , 1889 Feint mytol , 

1892 

^Aderhold, “Die Perithecienform v dendriticum ’ Vorhiufig Mittheiluug, 
Ber d deutsch bofan Get , 1894, p 338 
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placed them in the genus Ventvria. His investigations are, 
however, not quite complete. 

The scab or black spot of apple and pear is a very familiar 
disease in America and elsewhere. It attacks leaves, young 
shoots, and fruits. Dirty greenish spots appear first, then enlarg- 
ing, they riiii together, and darken in colour till almost black. If 
the attack occur on young foliage, it may be dwarfed and killed ; 
the newly-formed fruit will in such cases be attacked, shrivel 
up, and fall. If the attack be deferred till the foliage and fruit 
are well advanced, then spotting results and the fruit remains 
hard, perhaps cracks. The conidia are oval, unicellular, and 
yellowish-brown ; they are produced from shoit conidiophores 



Fi(. 107 —VnHinw (Iui'<ickidnnu) foimiug blown siiots on ui 

apple; those ^till m thi e.^rhu staKe^. ha\e a ladiatc imigui .ind be a <onidia 
The enlaiyed Bettnm shows two rows of Urge-eolled pareiichjnni of the apple, 
covered by a stroni.e of pseudopxieuehema beiiiiig conidiophoies and lonidn 
(\ Tnbe'uf del ) 

with warty prominences which grow on spots of leaf ui fruit 
(Fig. 107). The peiithecia (as yet described) are distinguished 
by black bristles surrounding the pore, and occur on fallen 
leaves. The asci contain eight greenish ovoid spores with two 
or three cells. 

In addition to the injury to leaves and desti action of young 
fruit, the disfiguration of the apples is a cause of considerable 
monetary loss. Dilute Bordeaux or copper sulphate mixture 
applied before the opening of buds, and once or twice after 
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'' setting ” oi the fruit, is recommended No fungicide should, 
however, be applied towards the ripening season ^ 

GibelUna. 

The spherical perithecia are embedded in the stionia, their 
necks projecting The asci contain eight biownish spores, 
oblong or spindle-shaped, and bicellular 

Gibellina cerealis Pass This parasite of wheat has hitherto 
been fairly common in Italy, lecently it has appeared with 
disastrous effect in Hungary. According to Cavara, it produces 
on the iindei part of the stems, gre} plate-like coatings with a 
brown margin , these may remain as spots, or enlarge till they 
form a ring lound the stem The perithecia aie little black 
points arianged in lows, and embedded undei the epidermis 
except the black projecting necks The asci have thin walls and 
break up inside the perithecia, they contain eight spores arianged 
m two rows The spores are spindle-shaped ,ind bicellular, but 
then germination has not as yet been observed The mycelium 
IS found in all the host-tissues, besides forming a stroma-like 
sheath round the stem The plants attacked become brown and 
limp in early summer, and no fruit is produced^ 

Cavara recommends early removal and burning of affected 
stems, and the cultivation of crops other than cereals on the 
infected giouiid 


Leptosphaeria. 

Perithecia black, larely with bristles , at first they are em- 
bedded in the host, without a stroma The spores occur lour to 
eight in each ascus , they are spindle-shaped and generally 
multicellulai by means of cross- walls only Thiead like para- 
physes are always present 

Leptosphaena herpotnchoides de Not This species, gene- 
rally regarded as a saprophyte, was found by Frank® as a 
parasite on rye The stalks attacked break over at a node or 

’ F urther details of treatment experiments are given in Gall and ScnViner’s 
“ Report on Experiments for 1889, £7 S 4mcr Dept of A<piculture Bulletin ii , 
also in the Bulletins of i anous Experimental Stations The above acoount has 
been considerably extended by aid from the American literature (Edit ) 

-Caiara {ZeiUchrift f Pflanzenl ranlheiten, in, 1893, p 16) gives a detailed 
account of this fungus with illustrations 

'Frank, ZeitHchn/t f PJlanzenkrankheiten, 1895 
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just over the root, thus leseuihlino the symptoms accompduymg 
an attack of Hessian FI} 

L tritici Pass is said b} Fiaiik to l)e destructive to wheat in Gerniaiix 
(See also Cladosponum) 

L subtecta Wint ^ In T\)ol the peiithecia of this sjiecies accompaii} 
disease of the leaves of Enui cainm Smiultuieousl^ Hypodm^na enccu 
Tub and SpJiatua eiittnu lub weie found, the foiinei appearing to ciuse 
the disease (see ]) 234) 

L anceps tSacc On liMiifj Itianthes of iiK/ntm 

L vitigena (SLliulzei) On Iniiif, tendiils of the Miie 

L circinans Sacc (see /ihi ottomu p 201) 

L stictoides Sacc on Loiodtnd)o» fid/yiftHt is an Ainuican species 


Pleospora. 

The black perithecia aie not develojud on a stroma, and 
are at hist coiitealtd in the host tissues onl} The} contain 
p<iiapli}ses and eiclit-spoied asci Tin sjioies aie multiseptate, 
and ^enerall} colon ud 

Pleospora hyacinthi Soi ' juuduces bhuk coatings on the 
bulb-scales of hjacinth The nncelium inside the ti'^sues is 
colouikss, but outside is daik led and its ])iese»ce causes d^seasi 
ot health} jiaits Certain iHiithecia which appeal on the Inill)- 
scales in autumn may peiJiaps belong to this fungus 

P. tropaeoli Hals is gnen as a disease of Tropaeolum in V S 
America ^ 

P. hesperidearum Catt Tin conidial foim {Spoud<'-,iiitinn 
hisp) d])])eais as a black coating on the orange 

P. ulmi bi {uo Allebchei, causes a leaf-spot on }oiing 

elm-seedlings, and the le.i^es diop off piematurel} 

P. napi Fuck is the cause of lape-smut Leaf-spots carr}iiig 
conidial cushions {Sjwi uh^vinna difiosi/m Kuhn) ajipear on the 
rape and other allied root-ciojis 

Other “bldck smut-diseascb lu^t been asdibtd to Polydesmus (Spon 
desmmm) exitiosum {ifn Dana) on carrot, Helmrrrthosponuin grammeum 
Eabh causiirg withering of i\e and hatle\ !ea\es, and Spondesmium 
putrefacrens Flick which attacks and kills the Aoung healt-lea^ts of beet 
root 

’v. Tubeuf, Botan Cenhalhlatt, x\i , 1SS5 

^ ^oiduer, Handhiuh (f PJlaii^enbanLhctten, ii Aufl , p 140 , and C/’/i/crmA 
ub die BiiigelUaiikhed u d Biisbthaii d Hyacmthen Leipzig, 1878 

* A. Jei'iey Ague Sfat. Ripoit, 13, 1892 
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Dilophia. 

The genus is parasitic and causes swellings. The perithecia 
remain permanently embedded in the tissues of the host-plant. 
The asci contain eight transparent, thread-like, finely-pointed, 
multicellular spores, 

Dilophia graminis Sacc. (Britain). This causes deformity of 
the leaves and inflorescences of wild grasses ; also of rye in 
France, and wheat in England and Switzerland. Fuckel assumes 
a relationship between this species and Dilo}>liosipora graminis 
Desm., but this w'e regard as doubtful. 

Ophiobolus. 

Perithecia scattered and almost spherical ; they contain para- 
pliyses and eight-spored asci. The spores are hyaline or 
yellowish, thread-like, and unicellular or septate. The fungus 
is minute and inhabits stems and haulms. 

Ophiobolus graminis Sacc, was indicated by Prillieux, 
Delacroix, and Schribaux as the cause of a cereal disease in 
France. The cereals attacked broke over very easily near the 
ground ; they continued to develop, but produced ears of a poor 
quality, and often quite withered. The disease was designated 
“ maladie du pied des cereales,” and described in Jour. (VAgnc. 
practiguc, 1892; also under the name “la maladie du pied du 
ble ” in Tracauj du labor, de pathoL cdgdtale ind, ogromm., 
1890, The perithecia have a curved lateral beak; the asci 
contain eight long, spindle-shaped, iriulti.septate spores. 

Frank also records this disease as injurious to wheat in 
Germany in 1894. 


GNOMONIEAE, 

Gnomonia. 

Perithecia without a stroma, and generally remaining 
embedded in the host-tissues, with only a beaked opening pro- 
jecting ; they contain no paraphyses. The asci have a thickened 
apex with a fine central pore. The hyaline spores consist of 
from one to four cells. 

Gnomonia erythrostoma Auersw.^ This is the cause of an 

^ Frank, B&r, d. deutsch. botan. Oea., 1886 and 1887; also Zeitschrift f. 
PjlanzenkrankheitPn^ 1891. 
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epidemic disease ot the cherry {Pnmus anum and P Ccrasm), 
observed lor several years past in North Germany and else- 
where The fungus rittacks the leaves, and there the m}celium 
grows The leaves withei prematurely, but remain all winter 
hanging from the tree by a reddish-brown mycelium Pycnidia 
and perithecia are produced m the leaves, the latter reaching 
maturity in spring, when the two-celled ascospores are ejaculated 
The p}cnidia contain shoit coiiidiophnres hearing hook-shaped 
conidia The fruit is also attacked, and iipens unequally, so 
that the cherries are distorted then they crack and rot 

Frank has succeeded in carrying out artihcial infection This 
takes place in June, and iraimdiately on germination the gerni- 
h}pha produces an attachment-disc on the host-epidermis whence 
a hyphal hlarneiit penetrates the epidermal wall, glows through 
the cell and reaches an intercellulai space A thick septate 
mycdiuni is foimed and sjaeads, esiieciall} amongst the spongy 
parenchyma There is no stroma and tlie perithecia hibernate 
on di} leaves 

blank recommends the plucking and burning of dead leaves 
hinging on the trees This must of couise be done throughout 
the whole district ittacked In one pait ol Prussia (Altenlande) 
this pre''aution was taken twice each winter toi two years, 
witli the result that the disease, which had long completely 
luimd the cherr} ciop, disappeaied, and the harvest increased 
to its former iiiiount 

Gnomoma quercus-ilicis Perl ^ causes brown spots on leaves 

of Qucuii^i Hit 


VALSEAE 

Mamiania. 

Perithecia produced in a black stroma from which then long 
necks project The asci have a thickened apex, and contain 
eight oval h} aline spores with one or two cells 

Mamiania (Gnomoniella) ftmbnata Pers. (Britain and V S 
America) The stromata ol this appear in summer as little 
black cushions on the leaves of the hornbeam (Caipinm) The 
peiithecia are developed in these spots, and their long black 
beaks projecting distincth above the surface of the leaf cause 

^Beilese, Rivista d% PcUoloyia vegetale, i 
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rupture of the epidermis. Numerous leaves may be diseased 
and each carry many cushions, yet Vuillemin, who described 
the disease,^ doe.s not believe the host-plant is affected to any 
serious degree. 

M. (Onom.) coryli Batsch. (Britain and U.S. America). The 
black stromata are found in withered spots on the leaves of 
hazel (Corylus ) ; as a rule, each stroma carries only one peri- 
thecium with a long beak similar to that of M. fmhrmfa. 



Fill 108 — Mamiana flmh wla on Caijnnux Brti/li t Ltif of Iloinbeani seen 
on lower surfatt Stroma (enlarged) with thi long hliek nctks of the ptrithtci i 
Iirojtcting from the ruptmed leaf -epidermis (v Tubeuf dtl ) 


Valsa. 

A stroma is geneially present, but is ol very varnible appear- 
ance ; embedded in it are the penthecia, with only their beak- 
like mouths projecting. The spores are hyaline or light-brown, 
unicellular, and generally bent. No paraphyses are present. 

Valsa oxystoma llehm^ This causes disease and death oi 
branches of Abuts viruhs in the Alps. The symptoms are 
withering and drying up of single branches on an otherwise 
green bush. This disease causes severe loss in the Tyrol, 


1 Titren et travaux sctenftfiques, 1890. 

“v. Tubeuf. “Zwei Feinde d. Al'penerle, ” Forsthch'naHirwits. Zeiinchrijt, 1892. 
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where leaves of the alder are dried in summer for use as 
winter-fodder for goats. 

In the branches attacked, a mycelium is developed in the 
vessels of “the wood, whereby the supply of water is stopped 
and the bark dries up. Black lens-shaped stromata arise 
under the epidermis of the twig and rupture it. The perithecia 
are produced under the stromata in the bark, and communicate 



/j 



Fio on of branch 

of VaUa breakiUK through tho perldorm at four places B, Enlargea sectrou 
C, Ascend Wores isolated f^ 

D, Portion of younger branch with ruptured by stromat^^ £rnugh a 

however, the penthecia are not yet developed E, Enlarged section tnrnugn a 
stroma of Z> (After v Tubeuf ) 


with the exterior by means of long projecting necks. The 
asci contain eight unicellular spores of a slightly bent rod - 
like shape. Maturity is reached on the dry dead twigs 
Externally this disease is identical in appearance with one 
I ascertained to be due to a beetle {Cryptorhynchm lapathi), 
p 
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the larva of which bores canals i^i the, wood of alders, birches, 
and willows, causing them to 

Most of the other species of* -Fete cd,use only leaf-spot, or 
occur on dead leaves. 


Anthostoma. 

The perithecia are embedded in the substratum or stroma, 
and have generally long necks. The asci contain eight brown 
or black, oval, unicellular spores. Paraphyses are always absent. 

Anthostoma xylostei (Pers.) occurs on living and dead 
branches of Zonicera Xylosteum, (Britain). 

Anthostomella pisana Pass, lives on leaves of (Jhamerops humilu and 
kills them. 


DIATRYPEAE. 

Calosphaeria. 

No stroma is formed, the perithecia arising singly or in 
groups in the bark under the periderm ; th ey have often long 
beaks. The asci are club-shaped, and frequently long-stalked ; 
they contain eight or more spores, which are little, unicellular, 
and somewhat curved. 

Calosphaeria princeps Tul. occurs on living branches of 
cherry and plum. (Britain and U.S. America). 

Quatemaria Personii Tul. has black perithecia and, according to Will- 
komm, causes death of twigs of beech (Britain and America). 


MELANCONIDEAE. 

Aglaospora. 

The perithecia are beaked and embedded in the stroma. The 
spores are furnished with appendages. 

Aglaospora taleola Tul.^ {Diaporthe taleola Fries, and pro- 
bably nearly related to those Melancom with appendages on 
their spores, %.y. Mel. thelebola, previously known as Aglaospora 
thel. Tul.). (Britain and U.S. America). This fungus causes 
a disease of twigs and young stems of oak which have not 

^R. Hartig, “ Erne krebsartige Rindenkrankheit d. Forstlich-naturwm 

Zeitschrift, 1893. 



Pio 110 — rxamples f Oik stem attacked by Aglaospoia taleoU 1 Portion 
diseased for two years a the portion still healthy ( x 2 Portion diseased 

for four years ( x 3 Section with spots diseased for four seven and ten 
years respectively ( x f) (After R Hartig ) 
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as yet formed a bark. Portions of the rind become brown, 
dry up, and peel off; this on stronger twigs may be followed 
by a more or less complete occlusion of the wounded part. 
The browning also extends into the underlying wood. The 
mycelium is found both in rind and wood, where it probably 
obtains entrance through small wounds in the bark. In the 
second year after infection, a circular stroma is formed in 
the bark under the periderm. Sickle-shaped conidia are 



Fig ill — Agl<wtpor<i ialeola Portion of cortex with embedded stromata 
a Corky lajer, b, after removal of corky layer, c, section of stioma ( x f ) 
(After Hartig ) 



Pio 112 —Section of stioma of ^piao»jM>ro a, Boundary Fig 113 — a, Conidia , 6, asco 

of stroma formed of daik brown fungus mycelium, spore of Aglaospma taleola 

b, Bclerenchyma strand of the cortex , e, conidial cushion , ( x (After Hartig ) 

d, union of necks of two peritbecia (After Hartig ) 

superficially abjointed fiom the stromata ; while embedded 
in it are groups of perithecia with necks which join together 
into one or a few common channels opening externally. The 
asci contain eight spores, which are two-celled and bear five 
thread-like appendages, one on each end, aftd three round the 
median septum (Fig 113). 


AGLAOSPORA 


229 


Agf. profusa Fr (Britain and U S America) This occurs 
along with, and probably is some form of Bothioiclla johiniae 
Prillieux and Delacroix ^ blame it for killing young twigs of 
Rohinia pseudacacm in France 


Fenestella. 

The stroma is similar to Eu- Valm and contains several 
long-necked perithecia The spores, eight in each ascus, are 
coloured and multiseptate, as in Cumrbitana 

Fenestella platani Tav, to this is probably related Gloco- 
sponum nervisapmnn (Fuck), the cause of a disease on the 
leaves of Platanu^ and desciibed under (rloro^ponum 


0 ) dothii)p:aceae 

Phyllachora. 

The perithecia are small and produced in .i black stroma 
buried in the tissue The asci contain eight h} aline, oval, 
and unicellulai spores 

Phyllachora gramims (Ik is) (U s America) This species 
causes elongated black swellings on glasses and sedges {Lnzuht 
and Cam) Tlie black perithecia octui massed togetlier, and 
embedded in the lea\es The asci contain eight hyaline uni- 
cellular spores 

Ph trifolii (Pers ) with conidial form known as Polyth incmin 
fnfoli'i Kunz (Rritain and US America) The m}celium 
causes the formation of loundish dark spots on the green 
leaves of clover frequented by it, and death ultimately follows 
On the spots, especially those on the lower epidermis of the 
leaf, the coiiidiophores make their appearance as brown septate 
structures, constricted at intervals so as to become rosar} like , 
they bear terminal, brown two-celled conidia, the upper cell 
of which IS somewhat spherical, and larger than the lower 

Ph cynodontis (Sacc ) On living leaves of Cynodon- DatUflon 

Ph podagranae (Roth) On living leaves of Aegopodmm Podagiaria 
(Britain) 

Some other species aie found on withering leaves 
^ Bulletin >iOi myiol de France, 1890 
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Diachora onobrychidis (D. C.).^ This fungus is common 
on sainfoin {Onohrychis sativa) and Lathyrus tuherosus, causing 
black spots on 1both surfaces of the leaf. During summer 
pycnidia arise on the spots, and from them are produced spindle- 
shaped conidia (spermatia) with tail-like appendages. Later 
there arise spherical perithecia containing asci arranged in tufts 
on the walls. The asci contain eight oval, hyaline, unicellular 
spores. 

Dothidella. 

The perithecia are black and embedded in the stroma, 
similarly to Phyllachom. The pale-coloured spores are, how- 
ever, two-celled. 

Dothidella betulina (Fries.). (Britain and U.S. America.) 
The black stromata form spots on the upper surface of 
birch leaves. In these the perithecia arise, and reach maturity 
in spring. The asci contain eight elliptical greenish spores, 
consisting of two unequal cells with rounded-off ends. 

D. ulmi (Duv.). (Britain and U.S. America.) A species 
similar to the preceding, and causing round blistered spots 
of a grey colour on the upper surface of elm leaves. Pycnidia 
{Piggotia astroidca) are formed in summer, perithecia in the 
following spring. 

Dothidea. 

The stromata have the form of black projecting cushions, 
in which numerous perithecia are embedded. The asci contain 
eight greyish or brown spores, consisting of two cells with a 
constriction between them. 

Dothidea virgultorum (Fries.) attacks living branches and 
stems of birch, and develops further on the dead parts. The 
stromata originate in the wood, then breaking through the 
bark, make their appearance externally as large black cushions. 
Whole stems may be covered by these cushions. 

D. sphaeroidea (Cke.) occurs on living needles of juniper. 

Plowrightia. 

The stromata are black, and run together in masses. The 
asci are eight-spored ; the ascospores ovoid or oblong, hyaline 
or light yellow, and two-celled. 

^J. Miiller, Pringsheim's Jahrbxich, 1893. 
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Plowrightia morbosa (Sch.) (Britain and U.S. America) 
Black-knot of the plum tree.^ In America this is a ver^ 



Fig \\i.— Floioright(0 rnoibom (v liibeuf phot ) 


injurious and widely distributed disease of various species of 
Primus, especially plum and cherry. The living branches and 
twigs become coated with a crust of warty excrescences, and 
at the same time are more or less thickened and deformed. 
A mycelium permeates the tissues of those swollen twigs, and 
forms black crusty stromata in which the perithecia are 
embedded. The perithecia contain simple paraphyses and eight- 
spored asci. The spores consist of a larger and a much smaller 
cell. (Pyciio-conidia are produced frequently in artificial culture, 

^Farlow, Bvll&tin Busitey Institution, Part v., 1876. 

Humphrey, Annual Report of Mans. Kxper. Station, 1890. 

Lodeman {Cornell Umi\ Exper. Station, Bulletin No. 81, 1894) ghea 
general account of Black-knot and a Bibliography. 
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but are rarely fouDjd in . natural conditions ; as yet infection 
with these has had nd* result.) s 

[Remedial treaifcment must be promptly applied. Trees liable 
to attack should be frequently examined, so that any young 
knots may be early removed. If the disease is of long standing, 
the only remedy left is to remove all knotted branches and 
burn them immediately.] (Edit.) 

HYSTElilACEAE. 

The ascocarps of the Hysteriaceae, like those of the Discomy- 
cetes, are known as apothecia. They are distinguished from 
those of the Pyrenomycetes and Perisporiaceae in that 
the ascocarp, although formed in or under the epidermis of 
attacked plant-organs, is not a closed structure or flask opening 
by a pore only ; it is, indeed, at first completely closed, but 
later it, as well as the epidermis covering it, splits open and 
freely exposes the whole hymenium. So long as the apothecium 
is closed, it is filled with paraphyses, between which the 
developing asci gradually wedge themselves. The spores 
are generally thread-like, with a gelatinous membrane. The 
mycelium lives intercellular, and is often parasitic in living 
plants. The apothecia, however, only reach maturity on parts 
which have been killed. In addition to apothecia, little pycnidia 
(spermogonia) are formed, containing small unicellular conidia. 
The Hysteriaceae include the Hystcrimac, Hypodermicae, Dichac- 
naceae, and Acrospermaceae. 


HYSTERINEAE. 

Hysterographium. 

Apothecia black, highly vaulted, and dehiscing by a linear 
fissure. The asci are club-shaped and thick-walled ; they con- 
tain eight multicellular spores, which are at first transparent, 
but later dark-coloured. The branched paraphyses of the 
upper part form a coloured epithecium.^ 

Hysterographium fraxini (Pers.) (Britain). This occurs on 
various Oleaceae and some other species of woody plants. 

^The excipulum of De B^y. 
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!Rostrup^ regards it as a parasite on Fmxfinus. Twigs of the 
ash attacked show flat collapsed plates of bark, on which are 
developed pycnidia containing one-celled conidia, and, later, 
the apothecia. On young twigs the diseased part often extends 
round the whole circumference, and causes the death of the 
upper living part. As yet I have only found this fungus as 
a saprophyte. 


HYPODERMIEAE. 

Hypoderma. 

The apothecia are oblong, and at first closed by a thin black 
cover, which opens by a long fissure. The asci are sessile in 




Fid lHi — Ifiijiodinna xholurola on 
fit nhiix Amcus Containing eight ascospoioh 
■with gel.itinouH touts, paraphists with 
tl i\ ltd ends (After v Tubcuf ) 


Fl< }\7 — ytinlticoln Isolated 

a8tos2ioies with and without a gelatinous 
CO it, and one or two celled (After \ 
Tubeiit ) 


some species, but have a delicate stalk in others. The spores, 
eight in each ascus, are never long and thread-like, but always 
much shorter than the asci, and two-celled when mature. The 
paraphyses have button-shaped or hooked ends. 

Hypoderma strobicola- (Ilostr.) Needle-blight of the Wey- 

iRostrup, Fortmtte Unda"too</d'>i. oi. Snylh'^ntmpeH Anrinh paa Slov- 
traeerne, 1883. 

-Rostrup, Fortmttt Uwhr'^oeyehtr, 1883 

V. Tubeuf, Beit Kevntmss d. Baambaiikheitui, 1888; also Botan. 
Centralblatt, XLi,, 1890. 

Note When I decided to plate Lophodernnim hrachi/'tporum under the 
genus Hypoderma, there already existed a Hypoderma hrachysporam Speg. 
(1887). For the future I shall therefore call Loph. brat hy spot um Rostr. as 
Hypoderma obirola. 
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mouth pine. According to the observations of Eostrup in 
Denmark, and myself in various localities of Germany, this 
^ is a dangerous parasite on Pinus Strobiis. 
It kills the needles and young shoots, 
and may devastate whole tracts of forest. 
The diseased needles become brown in 
summer, and fall off during next winter. 
On them are produced apothecia containing 
club-shaped asci and paraphyses with button- 
shaped ends. The eight spores of each ascus 
are at first unicellular, later apparently bi- 
cellular, and enclosed in a very mucilaginous 
coat. The asci have an average length of 
120/u, the spores 20/x, and when swollen 
28 to 30 m. 

H. pinicola Brunch.^ forms linear apothecia 
on needles of Pinvs syJveafru. 

H. ericae Tubeuf.“ In Tyrol and Northern Italy, this fungus 
causes a disease on Erica carnea. It is common and epidemic, 
causing death of the leaves. 



Fig. 118. — Leaf of Enca 
camea with apothecia of 
Hypodtnna encae on the 
lower surface. 1, An 
entire and a dehiscing 
ascus ; a two-celled asco- 
spore. (v. Tubeuf del.) 


Hypodermella. 

Similar to Hypoderma, except that tlie sjiores are pear-shaped 
and unicellular; they occur four in each ascus, and are shorter 
than it. 

Hypodermella sulcigena (Link)^ has four long, club-shaped, 
unicellular spores. Eostrup regards it as parasitic on Pi)tu>> 
m07itana and P. sylrestris, its mycelium being found in living 
green needles, and causing their death. 

Hyp. laricis Tubeuf.*^ This is a new fungus of tlie larch- 
needle found by Tubeuf on the Somienwendstein (Bavaiia) in 
September, 1894. It was present in large quantity on larches 
on the upper part of the mountain, and was in every way so 
decidedly parasitic in character, that there is little doubt as to 
its being an epidemic disease. The full-grown needles on many 
of the foliar spurs had died off and turned brown. The 

^Brunchorst, Nogle norske skorttygdomme iv Bergeiik Mns., 1892. 

“v. Tubeuf, Botan. Gentralhlatt, xxi., 1886, and lxi., 1895. 

SRostrup, Fortsatte Undcrsoegelver, 1883. 
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apothecia were present on the upper surface of the needles as 
isolated black spots or united into lines; they dehisce by an 
elongated fissure. The asci are cylindrical with rounded apices, 
and measure about 1 1 0^ in length ; they are almost sessile* 


Each contained four hyaline, 



Frfj 119 —Hvpodomtlla i'altioeuo Tht 
apothetia form Ijl.ick lines on the needles 
Asciib contuinin^f foui sjiorts (enlart,ed) 
Single spore with a gelatinous coaenng 

g till furthei enlarged) (Cop fioni 
ostrup ) 


unicellular, club-shaped spores 



4 


Fi( 120 — Hypoda I iiUa laitcit, Larch 
needle with ijHithctia on the undei side 
J, I’lriphjse, .uul an aseus eontaimng 
f(»ur spores B, Isolated (enlarged) asco- 
spoTo in its gelatinous CO it (v Tubeuf 
del ) 


(66yu X 16,u) With a gelatinous meuibicine The paraphyses 
are simple hyaline filaments, shorter than the asci. 


Lophodermium. 

The oblong apothecia aie embedded in the host-tissues under 
a thin black co'sei, which lueaks by a long fissure. The club- 
shajied asci contain thiead-like uniceliulai spores, with a 
mucilaginous membiane The paraphyses are sometimes septate 
and furnished with hooked or button-shaped ends. The spores 
reach maturity on killed portions of plants, and are forcibly 
ejaculated. The formation of jiycnidia (spermogonia) precedes 
that of apothecia. Mam members of this genus are destructive 
enemies of iilants, 

Lophodermium pinastri (Schrad.).^ Pine-blight or needle- 
cast. (Britain and U.S America.) This disease of the Scots pine 
{Finns syhestris) is veiy injurious to young plants, especially 
those in nurseries. 

^Hartig, Ditstam of Tree% Eng edit., 1894 

Prantl, Flora, 1877 ; also, Forstim'ts. Centtnlhlatt, 1880. 
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“Casting” or premature withering and fall of needles is not 
uncommon in nurseries of pine. Amongst some of the causes 
which lead to this are:^ frost, drought in winter on frozen 
ground free from snow, drought in summer on dry soil, over- 
crowding of plants in the nursery, and, finally, a “ casting ” due 
to fungi. 

The symptoms in the case of the present fungus are spotting 
and withering of the needles, due to the presence of a mycelium 
inside them. In early autumn, or later if the weather be dry, 
the pycnidia (spermogonia) make their appearance as little black 
prominences containing tiny unicellular conidia. The flat black 
apothecia are developed later, on first-year seedlings during 
the first autumn, or on older plants during the second autumn, 
but generally they do not appear till the third year; they 
reach maturity on needles still attached, more frequently, how- 
ever, on fallen ones. Dehiscence consists in the rupture of 
their delicate black covering, through pressure of the swelling 
asci and spores in damp weather. The asci are club-shaped 
and contain eight thread-like one-celled spores, more or less 
twisted round one another. The septate paraphyses have a 
slightly bent point. 

Diseased seedlings die off, generally without loss of their 
leaves. Two-year-old and older plants are always weakened by 
the loss of needles, and in severe cases are killed. On such, 
the “ casting ” or sudden fall of all infected spurs and needles 
takes place in spring. The mycelium often makes its way 
from the needles into the tissues of the shoot, and then death 
of the whole plant soon follows. Disease of the needles of 
old trees may also occur without inflicting much damage on 
the trees themselves; they will, however, act as centres for 
infection of younger plants, particularly those in seed-beds 
and nurseries in the vicinity. 

Confirmatory experiments on infection of pines by this 
Lophodermium were first carried out by Praiitl, later by Tursky 
and Hartig. 

The disease appears with such virulence and frequency, that 
the whole of the young pine-growth of a locality may be 
destroyed. It is thus a most dangerous disease, and at the 
same* time one difficult to combat. Districts which have 
^kolzner gives a summary of numerous theories on leaf-cast, (Freising, 1877). 
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suffered by it should, where other soil conditions permit, be 
planted with Weymouth pine {Pinus Strohus) and the Douglas 
fir (Pse'udotsuga Douglmii), which are, as yet, exempt from 
attacks of this parasite. Infection would seem to be brought 
about chiefly by westerly winds (in Germany), which carry 
diseased leaves or fungus-spores from infected 
places. Large areas run greater risks than 
small patches or young trees naturally sown 
out. Seed-beds of Scots fir should not be 
placed under the drip of older trees of the 
same kind, particularly if this fungus is 
known to exist there. Shelter- belts of other 

trees often afford much protection from this 
disease.^ 

Lophodermium macrospomm Hartig ^ 

{Hystcrwm). (U.S. America). Scab or rust 
of the spruce. This disease exhibits itself 
in various ways. Frequently the needles of the preceding 
year turn brown in spring, and perithecia are produced in 



1 2 


Fio 121.— 1, lophodei - 
mium macrosporum on 
Spruce, (v. Tubouf del.) 

2, Lophodermium abi- 
itis on Spruce. (After 
Rostrup. ) 



Fio. V22.— Lophodermium maciosporum. Section through a mature dehiscing 
apothecium. (After R. Hartig.) 


summer, reaching maturity on two-year-old needles. Again, the 
needles of the two-year-old shoots become brown in autumn, 
and perithecia appear on them in the following summer, 

^ Preventive measures are discussed in greater detail in Prof. Somerville s 
translation of Hartig’s Diseases of Trees, p. 116. 

2 R. Hartig, Wiclitige Krankheiten d. Waidhaume, 1874. 
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ripening in the spring of the fourth year. Or, again, a 
‘'casting” of brown one-year-old needles may take place in 
autumn. 

The disease is found everywhere, but in some parts {e.g, in 
the forests of Saxony ^), it is exceedingly common and very 
dangerous. The apothecia are developed as long, shining, black 
swellings on the two under surfaces of the quadrangular needles 
(Fig. 121). The club-shaped asci emit 
thread-like spores with gelatinous coats. 
The ascospores produce a strong germ- tube, 
which grows inside the needles to an 
intercellular mycelium without haustoria. 
Browning and shrinkage of the cells of 
attacked needles soon follow. The myce- 
lium also penetrates into the cells of the 
epidermis, and develops there a coil of 
hyphae, which, under a black membranous 
cover, forms an apothecium containing 
paraphyses and club-shaped asci (Fig. 
122). When ripe, the apothecia rupture 
the overlying epidermis. Little black 
pycnidia (spermogonia) may also occur on 
diseased needles.^ On needles which have 
been prematurely cast, only little spherical 
apothecial knobs will be found. 

According to Hartig, the effects of this 

^ ic. 123 — - jLopnoaei mium „ m- 

macroiporum on Spruce lUngUS On the CellS 01 attacked liecdleS IS 
Germinated ascospores , .. th.i t 

some have germinated Very interesting. It the disease ot the 

R. Hartig.) needles appears m autumn, the cells, which 

at this time are void of starch, become 
brown and die. If the disease attacks in May, when the 

needles are rich in starch, their death ensues soon, but the 

starch only disappears gradually from October onwards, as it 
is used up by the fungus-hyphae. If the disease appears in 
spring, wl^en starch-storage is just beginning, the cells already 
attacked become quite full of starch, whereas the other cells of 
the same needle remain empty. 

^Nobbe, Ber, d. sachsiachea Foraivereina Veraammlung zu Schandau, 1891. 

® Another ascomyeetous fungus — Natvia piniperda Rehm — occurs alone or 
together with this species ; Behtn regards it as parasitic {Hedwigia, 1892, p. 302). 




LOPHODERMIUM 


239 


Lophodemium nerviseqnium (D C.)> (U.S. America). This 
very common fungus attacks both old and young silver firs. 
The needles die after becoming brown, and remain for a long 



Pig 124 — Lophodermium navix quti it 
on /lecfiitttla (Silver Fir) 1 Under 
HurfaLo of needle with apothecia 2 
Upper surface with pjcnidia 



Fig 125 — Lophodeimiumnenisinuium Section 
of a noodle of Silvoi Fir 6 Pycnidium on 
upiK-r surface sliedding eonidia a, Apothe 
ciuni on the lower surface (After R Uartig ) 



Fic 126 — Lophod 1 uwi ne iimju lu on Silver Fir Portion of a ripe apothe 
eium art Pilanient nis paiaphysos lod like colls (eonidia '), fr abjointed fiom 
tho apex of the inraphvses the vsei contain eight spores ibout halt as long as 
the ascus itself four oec upj mg the upper half four the lower , c a rudiinontary 
ascus some mature spores possess a gelatinous coat, others do not , sj)ore8 
escape by an apicil opening or by ruptuie of the ascus / two germinating 
spores aie also shown, one with a gexatinous eoat, the other without (After 
R Hartig ) 


time hanging on the twigs The disease vanes m its develop- 
ment on the mountains and lowlands, according to climatic 
conditions. 


R Hartig, Wichtiqe Krankheilen, 1874. 
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The mycelium lives intercellular, and produbes tile same 
effects on the cells of the fir-needl6)4 as those of Loph. macro- 
sporum on the spruce. The mycelial hyphae, penetrate into the 
epidermal cells and form a cushion, which* bursts the .epidennis 
and gives rise to numerous straight conidiophores, with very 
small, oval, unicellular conidia. The apothecia are developed 
while the needles are on the tree or after they have fallen ; 
they form shining black stripes on the middle nerve of the 
lower surface of the needle (Fig. 124). The thread-like spores 
have a mucilaginous coat, and are ejaculated from club-shaped 
asci (Fig. 126). Pycnidia (spermogonia) are often produced 
before the apothecia as long wavy bands on the middle nerve 
of the upper surface of the needle (Fig. 125). 

L. juniperinum (Fries.) (Britain and U.S. America). A 
common species on dead needles of Jumper communis, also on 
needles on the branch ; I have, however, never seen it in such 
mass as to believe it to be a dangerous parasite. 

L. gilvum Eostrup^ attacks and kills living needles of the 
Austrian black pine. 

L. laricinum Duby. The pycnidia and apothecia of this 
fungus are common on dead needles of larch, but parasitisih has 
not been proved. 

L. abietis Rostr. A species found by Eostrup on needles of 
spruce, causing yellow spots and then large black points (Fig. 
121 , 2 ). 


DISCOMYCETES. 

The Discomycetes have an apothecium of varying shape, but 
always more saucer-like than spherical. The ascocarp, at first 
a closed structure, opens sooner or later and exposes the 
hymenium. The apothecium is composed of two distinct portions 
of mycelium. The essential part, often called the hy menial 
layer, consists of hyphae which give rise to the asci. The 
remaining portion of the ascocarp forms a support or envelope 
for the hymenium; it consists of a pseudoparenchyma, and may 
be differentiated into a sub-hymenial layer or hypothecium with 
its hyphae interwoven with those of the hymenium, and a 
lateral portion or excipulum usually more or less cup-shaped. 


Rontrup, FortacUte Underaoegeher, 1883. 
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The paraphyses are developed from the mycelium of the 
envelope and occupy the interior of the ascocarp, while the 
^8ci arise later from the ascogenous hyphae and force their way 
in. The formation of asci and paraphyses may go on for a 
long time. Periphyses are not produced. 

The Discomycetes include five divisions, the Phacidiaceae, 
Stictidcac^ T'i'yhlidieae; Dermatcmeae, and Pezizeae. Many of 
the species included in these are parasitic on cryptogamic 
plants to form lichens, the majority are saprophytes, and only 
a few isolated groups are true parasites on higher plants. The 
latter belong to the Phacidumae, Dcrmatcacme, and Pezizeae. 


(1) PHACIDIAC'EAE 

The apothecia are black and thick- walled, at first eml)edded 
in their substratum, but later breaking through it. The asco- 
genous layer is spread out on a delicate flat hypothecium. 
The black apothecia of the species of Phacidiurii are frequent 
on leaves and needles. Kehm divides the group into two 
families: the EupkacuUea( and the Psendo^diavidieae. 


EUPHACIDIEAE. 

The apothecia are embedded in the tissues of the host; the 
superincumbent layers of the substratum forming over them a 
blackish membranous plate, which is ruptured into lobes and 
exposes the black apothecial disc. 

Phacidium. 

The apothecia are fused with the superincumbent layers of 
the host-plant, and the black cover so formed is split into 
several lobes. The club-shaped asci contain eight colourless, 
unicellular, ovoid or spindle-shaped spores. The paraphyses 
are filamentous. The pore of the ascus is coloured blue by 
iodine. 

Phacidium repandum Fr. (Britain). Occurs on living leaves 
and stems of Asperula odorata, Galium mollugu, and other 
Rubiaceae. The pycnidial form is probably Phyllachora 
punctiformis Fr. 



242 


ASCOMYCETES. 


Schizoth3nrium. 

The roundi8h..or oblong apothecia dehisce by lobes. The club- 
shaped asci contain oblong, hyaline, two-celled spores. 

Sch. ptarmicae Desm. (Britain). This occurs as a parasite 
on living green leaves and stems of Achillea Ptarmica. The 
apothecia form little black points, which on rupturing break 



Fig. \21.—Sc}azothynum ptarmicae on Achillea Ptamuca. (v. Tnbeuf del.) 

up the epidermis into lobes. The thick asci contain two to 
four large two-celled spores. Paraphyses are present. A pycnidial 
form is known as Leptothyrium ptarmicae (Sacc.). 

Rhytisma. 

The fungi of this genus live in the tissues of living plants and 
form sclerotial cushions as isolated black spots. In these places 
the pycnidia are developed, and are followed by apothecia after 
the death of the leaves. The apothecia open by a fissure, and 
contain thread-like paraphyses and club-shaped asci with eight 
needle-shaped spores, which are septate when mature. 

Rhytisma acerinum (Pers.) (Britain and U.S. America). 
Towards the close of summer, the large black spots caused 
by this fungus on leaves of various species of Acer (sycamore 
and maple) are by no means uncommon. Pycnidia {Melasmia 
acerinum Ldv.), containing little unicellular conidia, are first 
produced under the cuticle, while the epidermis and under- 
lying cells become filled with mycelium till a black sclerotium 
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is completed. In the following spring, the sclerotium-spots 
on the fallen leaves have become thicker and superficially 
wrinkled. At this stage the apothecia are produced, and 
dehisce by fine elongated fissures ; they contain club-shaped 
asci and thread-like paraphyses with hooked ends. The thread- 
like ascospores are ejaculated with considerable force, and reach 



Fit. ll^—Rhvtisma aceimviu Two apothucial cushions on leaf of Acer 
campistrc in first summei A, Leaf apex of Acer platanoide* with the mature 
apothecial cushions as seen in the second summer, with their characteristic 
wavy marking (v Tulieuf del ) 


maturity in May or June. According to Klebahn,^ the spores 
have a mucilaginous membrane, but this does not throw much 
light on the problem of how they reach the leaves of trees; 
wind, however, would seem to be the agent for distribution. In 
three weeks after infection, leaves show yellow spots ; in eight 
weeks the pycnidia appear. 

^ Botan. CentrcUblati , LViii., 1894, p. 321 
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The disettse is 'best combated by prompt removal of fallen 
leaves in autumn^ where this rule is followed Rhytisma is seldom 
found (see p.^ 71 ). 

Bhytisma imnctatum (Pers.) (Britain and U.S. America). 
Whereas the spots of the Rhytisma just considered are large, 
those of tljiS" s|)ecies seldom exceed a few millimetres. They are 



Fio 129 — Rhytisma punctaiurn Leaf of Acer Pseudoplatanus with apothecia , 
the leaf is yellow, but the spots enclosinsr the apothecia are still green 
(V Tubeufdel) 


black in colour, angular, and scattered over the whole leaf- 
surface. After the leaf has turned yellow, portions of it sur- 
rounding spots of this Rhytisma retain their green colour, so 
that we have black spots on green islands in the yellow leaf 
The scleiotia dehisce by valves. The apothecia contain thread- 
like paraphyses and asci. The asci are club-shaped and contain 
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eight needle-shaped unicellular spores; py>cnidia (spermogonia) 
with little unicellular conidia are also formed. 

The fungus attacks leaves of sycamwe (Acer Psevdoplatams), 
the black spots making their appearance in September. The 
apothecia ripen on the ground during jfche following summer.^ 



Fir. 130 —Sections of Mapk lo ives 
showing the upper epidennis ruptiin.fl 
by 1, Rhytisma aceiinum, 2, lihytisiua 
punctatitm 



ABC 


Fio 131 — Ithytunia gymmetricum Mtill Two 
leaves of isaUx purpuua with stromata A, The 
upper Hide B, The lower side C, Longitudinal 
section through the same leaf, showing numerous 
ipothf cm on the upper side, fewer on the lower , 
the shaded middle part represents loaf tissue, 
the remainder is the light fungal stroma in 
which the daiker apothecia are embedded 
(v Tulieuf del ) 


Rh. salicinum Pers, (Biitaiii and U S America). Thickened 
black wrinkled spots appear frequently on living leaves of various 
species of willow, (.g Sain Gnjvra, S. tinerea, etc., also on some 
alpine willows, eg. S. nticidcua These contain apothecia of this 
fungus, which reach their full maturity during the second 
summer. 

^ Dyscomycopsts rhytismoides Abull. Black spots similar to those of Rhytisma 
appear on the leaves of sycamore. The black crusts are here only subcuticular 
and enclose a transparent tissue ftom which laige spherical spores are produced. 
The systematic position of this fungus is unknown 
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Rh. symmetricum J. Miiller {Rh. atotumnale Schroeter)^ is a 
form occurring on Salix purpurea and recently separated as a 
distinct species. This willow, one of the best for cultivation, 
may often be seen with its leaves covered with black spots, 
and the disease may spread over every tree in a nursery. 

The apothecia are found on the upper surface of the leaf, 
on black, shining, and much wrinkled cushions. In addition, 
black apothecial cushions are developed on the under surface 
of the leaf, which is not the case with any other species of 
RhytisTm. According to Schroeter, the spores ripen in autumn 
on still living leaves. 

(This species may be synonymous with Rh. amtrale J)ur. et Mont, on 
Salix purpurea in Algerfa.) 

A species which causes little thick cushions on Salix Caprea has been 
called Rhytisma umhonatum Hoppe. 

Rh. andromedae Pers. occurs on leaves of A ndromeda poUfoUa. (Britain 
and U.S. America). 

Rh. empetri Fries, on leaves of Empetnim nigrum. (Britain). 

Rh. juncicolum Rehm on Juncm Jlostii. 

Rh. urticae Fr. on stems of Urtica dioica. (Britain and U.S. America). 

Rh. bistortae D. C. on Polygonum viviparum in France, Greenland, and 
America. 


PSEUDOPHACIDIEAE. 

The apothecia are at first embedded in their substratum, 
under the superincumbent layers of the host-tissue, and form 
blistered patches ; on rupture, this cover forms a rim round 
the apothecial cushion; the excipula of the apothecia themselves 
are membranous, generally black, and dehisce bj lobes or 
fissures on the apex. 


Oryptomyces. 

The apothecia break out from the substratum as black crusts. 
The asci contain eight oval, unicellular, colourless spores. The 
paraphyses are thread-like and septate. 

Oryptomyces maximus Fries.^ (Britain and United States). 
This fungus lives parasitic on twigs of various species of willow. 

^J. Miilier, “Zur Kenntniss d. Runzelschorfs,” Pringsheim’a Jahrbuch, 1893. 
Schroeter, Flora v. SchJtden, 1894. 

Both appear to be identical with Rh. amphigenum Wallr, (Flor. Crypt, ii. 412). 
* Tulasne, Select, fungorum Carpolpgia, iii. 
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especially Salve incana, but also on S. purpurea. When the 
black apothecial cushions break out through the bark, the twigs 
of the host-plant are frequently still green and leaf-clad. 

The apothecia originate in the lower bark and so loosen 
the epidermal layens as to cause the appearance of yellow spots. 
Black centres appear in the spots, due to the formation of a 



2 3 4 


Fio 132 — Crvptomyren viuxiiuun 1 f roHH nection of a twig of Salu iniana, 
with stroma a b , the mycoliuin occupies the rlud and bast into the cambium, so 
tliat a wood ring for the current year has been only iMirtially developed , the 
sliaded part between a and l> is an aerating tissue formed of loose hyphae, which, 
with a, forms the stroma pioper , h, the ascogenous layer (Lens magnification ) 

2, Asu, showing a dry asms , one to which water has been added, so that It is 
elongating , one ruptured and ejaculating spores 3, Young stromata in spring, 
still covered by the epidermis of the Salta 4, Willow twig after detachment of 
the patches of Ci ypiomyca in autumn (v Tubeuf del ) 

black apothecial cover underneath the epidermis. On rupture 
of the epidermis, black apothecial cushions emerge and cover 
large areas of the living twigs. Rain causes the apothecia 
to become gelatinous, and to swell considerably; on drying 
the cushions roll up and fall off, leaving scars in the bark 
(Figs. 132, 4 ). 
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A longitudinal section through a cushion exhibits a thick 
hypothecium, consisting of a close pseudoparenchyma of hyaline 
fungal cells, which permeate every tissue of the bark and cause 
death of the cambium , above this comes a looser layer with 
many air-spaces, and over this the layer from which the asci 
and paraphyses arise 

The asci contain eight oval unicellular spores with distinct 
cell-nuclei When a section is placed in water, a very 
evident swelling takes place, and the asci elongate to twice 
their original length I have not obseived ejaculation of 
‘spores, but rupture of the asci occurs in water-preparations 
and the spores are set free in large numbers The spores 
piobably germinate and infect young shoots the mycelium 
hibernating there 

The effects of this lungus are death of diseased twigs of 
willow abo\e the spot where a sporogenous cushion is 
formed 

This species is also said to frequent Coinv^ in America 

Cryptomyces ptendis (Rebent) occurs on fronds of Pitu^ 
aqmhna, but whether a parasite or not is as yet uninvestigated 
The asci ripen after the fronds have passed through the wintei 
To this belongs the conidial form Pmuhim pfaidis liabh 

Clithns 

The apothecia at first bpheiical become oblong and break 
through the supermeumbent la}ers b} a lobed fissure The 
apothecial disc is oblong and fiat The club-shaped asci contain 
eight hyaline spindle-shaped or thread-like spores, with one oi 
more cells The paraphyses are thread-like The majority of 
this group are saprophytes 

Clithns (Colpoma) quemna (Pers) (Britain) According to 
Schroeter,^ this causes disease and death of living branches of 
oak The oblong apothecial discs are greyish-white, and covered 
at first by a brownish-grey wall which, later, becomes ruptured 
The ascospores are simple Cylindrical pycnidia, with somewhat 
bent conidia, are also produced 

Cl junipen (Karist) occurs on living twigs of juniper Nothing is 
known of its parasitism 


J Schroeter Pike tSchleaiewi, 1893 
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Dothiora. 

The spherical apothecia are embedded in the substratum, which 
they Tupture into lobes, while they themselves dehisce by 
irregular fissures The club-shaped asci contain eight colourless 
or yellow, club-shaped or spindle-shaped, multicellular spores 
Paraphyses aie ne\er pieseut 

Dothiora sphaeroides (Pers ) is legarded b} Postrup as the 
cause of a disease of the Lombard} poplar {Popnlus jii/mmidahs), 
in which the blanches, particular!} those of the upper part 
of the tree, die one aftei another till all are gone The spores 
are club-shaped and constricted at the middle , each half is 
divided by four oi fi\e cross-septa, and each cell so formed 
IS again subdiMcled 1)} a longitudinal septum 

Vuillernin ascribes the same disease to Didifmo^^ihatna 
popuhna Yuill (see p 218) 

According to Pehm Do sphanoidis also occurs on Popuhis 
tiemula, and is distinguishable frtun Do mufila (Ir) on l)oth 
Pop'idus %toh(a and P tiewiila 


Heterosphaena 

The spherical apothecia are at first embedded, but later emerge 
through the co\eriiig la}ers and dehisce their apices breaking 
up into teeth like lobes the} are dark blown oi black in (olour 
The asci are club-shai»ed and contain eight spoies, which are 
colourless, oblong oi club-shaped, and consist of one, two, or 
four cells Iodine colouis the pores of the asci blue The 
paraphyses are colourless ind thread-like 

Heterosphaena Patella (Tode) (Britain and U S America ) 
The asci contain eight Incellular spores The paraphyses are 
thread-like and septate some being forked oi branched , they 
bear scalpel-shaped conidia 

The mature apothecia are found chiefly on the stems of 
various Umhdhfaae, ( </ Daocu^ Caiota, Anethnm giaveolem, 
Petroschnum mtuum Pa^hnaca, etc A variet} alpestris occurs 
amongst the mountains on Herackum Sijhondyh'um, also on 
Gentiana Ivka, Veratum iiiide, etc Pehm and others believe 
that the fungus attacks living green parts of plants, and reaches 
niatunt} in the following year on the killed organs. 
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Scleroderris. 

A black stroma is formed in the bark of twigs attacked 
by this fungus, and thence the apothecia break out in great 
numbers, at first as closed spheres, later as stalked open 
cups with finely lobed rims. The asci are cylindrical or club- 




Fi« 164 —icUrodarts fiiligiaom on livinp twig of Salix alba 
A Three apothecia, two in section, the third seen from above, 
showing the cross like fissure B Sections of disoised br inches, 
whose growth has been arrested in the shaded parts , on the 
dead bark apothecia are present t , Asci spores and paraphysos 
(v Tubeuf del ) 


Fici 133 - ScUi oderrit/uh 
Oinota on living twig of 
Sahx Caprea (v Tnbeiif 
del) 

shaped, and contain eight colourless spores which are club- 
shaped, needle-shaped, or thread-like, and divided by septa into 
four to eight cells. The pores of the asci are coloured blue 
by iodine. The paraphyses are thread-like. 
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Scleroderris faliginosa (Fries) (Britain and U S America.) 
This was considered to be a saprophyte till my attention was 
directed to its injurious nature It occurs on living branches 
of Sahx Caprca, S. triandra, S alha, etc , and brings about 
their death. The black crusts, on which the apothecia develop, 
appear both on weakly twigs and strong branches The my- 
celium makes its way through the tissues to the cambium, which 
it kills, causing this and neighbouring parts to become brown 
Adjacent parts, as yet unatfacked, continue at fiist to grow in 
thickness, but the} too are gradually killed As a result, the 
twigs attacked grow irregiilarl} accoidmg to the extent and 
number of diseased places (Fig 1 14) , and when all or most 
of the lower tissues of a twig are killed, the higher part** 
die off with then leaves Wherever the fungus appears, many 
trees are generally attacked 

Sc aggregata (L<isch ) de^elops on the livinij stems of Rhinanthaceae 
and matuies on the dead 

Sc nbesia (Pei 8 )ih a toinmon species on twigs of red and black cunaiit, 
but whethei parasitic or not is unknown 


(2) BERM ATE AC EAE 

The apothecia are developed at first either uniler the sub- 
stratum 01 altogether superficially. The ascogenous layer 
extends over a thick Inpothecium 

The Dermateaceae contain the Cc7ut)iqna(, Dirmtftoi, Fatd- 
latiacicu, and BnU/a) incaa 

CENANGIEAE 

Apothecia at first embedded, then exposed They are sessile, 
clavate or cone-shaped, and broaden out to discs on opening 

Cenangium. 

Apothecia globose, on dehiscence at first cup-shaped, but 
afterwards flatter and more saucer-shaped, with entire margins, 
they may occur singly or massed together The club-shaped 
asci contain eight colourless, oblong, unicellular spores, and 
hlameiitous paraphyses with thickened apices 

Oenangium abietis (Pers ) (Britain and II S. America ) This 
fungus is usually a saprophyte, but Thumen suggests it as an 
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occasional parasite. Schwarz^ has recently described it as 
attacking pines, weakened by an impoverished water supply to 
the twigs and ’’by other unfavourable conditions. It appeared 
for a time as an epidemic in the pine forests of Germany, but 
very soon disappeared again. 

The symptoms of disease were, withering of twigs in spring 
from the apex downwards into the region several years old. 
The epidemic had been previously noticed in the spring of 
1892, and was described by Hartig, who, along with Kienitz, 
regarded it as a result of the long dry preceding winter. The 
disease has never been observed on pines under five years old, 
and serious injury only results when the fungus is accompanied 
by damage done by insects. The apothecia containing the asci 
are generally produced only on dead twigs and needles. 

Schwarz regards as a conidial form of this species, Bnm- 
chorsfia destruens Erikss., which will be described in greater 
detail amongst the “ Fungi imperfecti.” In addition to Brun- 
chorstia, other pycnidia witli unicellular conidia occur. 

DERMATEAE. 

The apothecia, at first spherical and embedded in their host, 
break out in clumps; they are generally short and thick-stalked, 
and open to form a roundish saucer-sha 3 )ed disc with an un- 
broken rim. The hypothecium is thick and often coloured. 


Dermatella. 

A stroma is developed under the bark of the attacked parts 
of the host, and in it originate dark brown apothecia with 
short thick stalks. The bark is ruptured and the apothecia 
emerge as flat, expanded, saucer-shaped discs with a complete 
rim. The asci are club-shaped and thick- walled. The spores, 
at first unicellular, later multicellular, are large and colourless 
or brownish. The paraphyses are septate and generally forked ; 
they often form a coloured epitheciiim. 

Dermatella prunastri (Pers.) (Britain and TJ.S. America). 
According to Ludwig, this lives as a parasite on the living 
bark of plums, apricot, sloe, and other species of Fmnus. 

^Schwarz, Die Erbrankuny d. Kiefem durch Cenanjium abieHs, Jena, 1896. 
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Apothecia and pycnidia {Sphaironema spimuin Fr) are both 
developed The ascospores aie one-celled and hyaline 

[Wagner^ adds the following species found b> him in Saxony as more 
or less marked parasites (Edit ) 

Dermatea (Pezicula) cinnamomea (Pers) on (^ueruis It attacks the 
rind 111 places injured by deer, and causes mjur> to the trees 

D (Pez ) carpinea (Pers) kills many joung honibeams , it probably 
obtains entrance through wounds 

D (Pez) acerina Karst is a doubtful parasite on yioer Pieudoplatanm ] 

BULGARIACEAE 

Bulgaria polymorpha Wett (B inqmnans Fr ) (Britain and US 
America) A dangeums enemy of the oak,- causing death Researches 
into its parasitism are still wanting The sporocarps develop on dead 
bark, especialh of beech 


(3) PEZIZEAE 

I he apothecia are never embedded, but appear as saucer- or 
cup-like structures on the substratum , they are fleshy or waxy, 
.ind often of bright colour The hypothecium is very strongly 
developed 

The families included in this group aie Molhsimc Hdotieae, 
EtipeziZicu, and Ascohvhm Of these, all except the last con- 
tain parasitic forms The MoUiuiat and Hdoticac contain also 
a number of lichen- fungi not considered of sufhcient practical 
value to be included here The AstchoUai live as saprophytes on 
animal droppings 


MOLLISIEAE 

The apothecia generally sit free thioughout their whole 
existence on a close, hrm substratum of hyphal tissue, or they 
may be sunk in the host and break out later, they are at 
hist closed and spherical (rarely tapering downwards), but after- 
wards open and expose a cup-like, saucer- shaped, or flat disc of 
asci The disc is waxy aid soft, externally it is brownish 
and generally smooth , exceptionally it may be downy or beset 
with short hairs or bustles The sporocarps are brown and com- 

^Zeitsch f Pjlanzenkranlheiten, 1896, p 76 

^ Ludwig, Oentrcdhlatt f BacUnologte u Parasttenkunde , also, Lehrbmh d, 
mederer ^ryptogamen 
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posed of pseudoparenchyma, which, towards the margins, becomes 
more elongated and prosenchymatous. Hypothecium generally 
poorly develojped. 


Mollisia. 

The sessile brownish apothecia on opening generally exhibit a 
flat, saucer-shaped, transparent stratum of asci. The spores are 
unicellular, hyaline, and spindle-shaped or club-like. The 
paraphyses are hyaline or coloured, sometimes forked. 

Mollisia Morthieri (Sacc.). The apothecia are developed on 
yellow spots of the lower epidermis of living leaves of Buhifs 
Schleicheri and i?. frutlcosvsi The young apothecia are reddish- 
brown and spherical ; when open they form yellowish-brown 
discs with very delicate margins. The asci contain eight 
spores, arranged in two rows. The spores are unicellular, club- 
shaped, and colourless. The paraphyses are colourless or 
brownish, with slightly bent points. 

Niptera. 

Apothecia as in Mollisia. The spoi*es, however, on com- 
pleting their development are two-celled. 

Niptera h3rpogaea (Bres.).^ Found by Bresadola in Southern 
Tyrol, underground on the roots of Adenostyks alhifrons. The 
apothecia are massed together on brown hyphae in blackened 
parts of the host-roots. The ascogenous disc is greyish-brown 
or whitish, with fine fibrous margins. The asci are spindle- 
shaped, and contain eight spindle-shaped colourless spores, 
which are at first one-celled, later two-celled. The septate 
colourless paraphyses are forked. 

Pseudopeziza. 

The members of this genus live as parasites in the leaf- 
tissue of higher plants and produce dead brown spots, in which 
the ascocarps are afterwards developed. The apothecia have 
delicate walls, and, after rupturing the epidermis, emerge 
as delicately -coloured saucer-like hymenial discs. The club- 
shaped asci contain eight spores, arranged in two rows. The 


^Bresadola, Fungi trideni, A. lxxv.. Fig. 1. 
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spores are ovoid or elliptical, colourless, and unicellular The 
colourless paraphyses have thickened apices, rarely forked. 

Pseudopeziza (Phacidium) trifolii (Bernh ) Leaf-spot 
disease of the clover This disease appears on the leaves of 
various species of clover m Europe and America, its attacks 
may attain oonsiderable seventj, and inflict great injury to 
crops The leaves become spotted, and finally die off The 
apothecia occupy brownish-yellow discs on tlie surface of the 
leaf, and hence are not unlike pustules of a Pttccinm The asci 
are club-shaped, and contain eight oioid, unicellular, colourless 
spores The paraph} ses have broadened apices, rarely forked 
A conidial form (Sphaaomma Desm ) is generall} 

allocated to this species 

Ps tnfohi (lar. medifaqimf) (Lib) is found on species of Medicaga 
(Bntdin and US Anienca) 

Ps bistortae (Lib ) Thn occiiis on the lowei epidermis of living leave«i 
of Polygonum Bistoita, and P iinpaunn causing daik brown swollen 
spots wheic the apothecia ire developed JueU has tiansfened this species 
to the Pha< idiaceae, and named it P'^eudothytimm hiHortae (D C ) 

Ps ahsmatis (Phill et Ti ail) causes spots on leaves of Ah'^nia Plantago 
(Biitain) 

Fabraea 

This genus is distinguished from Psiudopiziza by the spores, 
which, though at first unicellular, becomt two or four-celled 
The species are parasitic m the leaf-tissue of higher plants 

Fabraea astrantiae (Ces) The mjcelmm lives in the leaf- 
parenchyma of Asf}a'nfi<i majoi and A canmiva, causing dead 
spots A form occurs on Snmcida nuojmea 

F. ranunculi (Fries) (Britain) The apothecia of this are 
very common on blown spots on the leaves of various species 
of Panuneiilus 

F cerastiorum (Wallr ) frequents leaves of Cermtium (Britain) 

F Rousseauana (Sacc tt Bomni ) occurs on leaves of Caltha palustus 
(A British species if svnoni ramis with Pseudopeziza calthac Mass ) 


Belomella. 

The gregarious apothecia are at first embedded, but break 
out later Externally the apothecial discs are rough, dark brown, 
^ Mykel, Beiti Veteml Akad , 1894 
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and striped, the margin being fibrous The asci contain four 
to eight * spores The spores are generally ovoid or spindle- 
shaped, at . first unicellular, but divided later into two to four 
cells by means of cross walls The colourless paraphyses 
have thickened club-like apices 

Belionella Dehnii (Kabh ) ^ This parasite covers stems 
and leaves of Potentilla iiorvegica, and is distinguished by its 
sharp, spindle-shaped, bicellular spores 

HELOTIEAE. 

The apothecia are generally (juite superficial , less commonly 
they are at first embedded, and emerge later, or they may 
develop from a sclerotium In form they are spherical, cup- 
shaped, or top-shaped, and a stalk of some kind is generally 
present On opening, they form a cup or flat plate, on which 
the hymenium lies exposed the cup is soft or waxy, and 
enclosed in a delicate wall, which is externally either smooth 
or hairy The sporocarps consist of a pseudoprosenchyma 
(after Rehm) 

Sclerotmia. 

The sclerotia^ give rise to smooth-stalked ascocaips with the 
form of beakers, funnels, or saucers The stalks often produce 
rhizoids The asci contain eight unicellular hyaline spores, 
elliptical or spindle-shaped, and of equal or unequal sizes 
The paraphyses are thread-like In several families conidia are 
formed before the sclerotia Some forms are heteroecious Most 
of the species are parasitic on plants 

The Sclerotium diseases of the Vaccinieae ^ 

These are a well-known group of sclerotium diseases, and 
amongst them the following have been named as species. 

Sclerotmia vaccmii Wor {Sd Uruula Wemm) The 

sclerotium disease of the cowbeiry The young shoots and 

^Figures in Hedwiyia, 1881. 

2 Literature l)e Bary, ‘ Uebereunge Sclerotien u Srlerotienkraukheiten,” 
Botan Zeitunq, 1886, siAro Morphology and Biology of the Fvngi, English edition 

Brefeld, Schimmdptlze Heft iv u x , and Botan Zeitung, 1876 

Saceardo, Sylloge, Vol vrii 

^Woromn, M6m delacadem xmpir d set d St Petersburg, vii Ser , t 36,1888 
(with ten plates) , also Benchte d deutseh botan Ges , 1894 
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leaves of Vaccinium VUis-Idaea exhibit in spring a mould- 
like coating, consisting of chains of lemon-shaped conidia. 

Woronin thus describes it : “ In the outer layers of the cortex, 
amongst the dying elements, a pseudoparenchymatous cushion is 
formed, from which simple or dichotomously branched hyphae 
grow out through the overlying cuticle. The individual members 
of the chains of conidia are separated from one another by a 
spindle-shaped piece of cellulose — ‘ the disj unctor.’ ” 

The disjunctor spoken of here is a spindle-shaped cellulose 
body found between the single conidia; it easily breaks across 
and so facilitates the breaking up of the chains of conidia 



Fui ISO — iiilootima vi'tiinnon Vaidniiim Vita Idoia M\iniTJiifiod Cowbemos 
111 fresh condition ind lu the following May, after development of Ftsiia-cupa 
A, Ch.iin of conidia united by disjuiutors if, (joi minatmg conidinm after treat- 
ment with iodine , the plasma h.is shrunk, but letnainH connected with the 
spondia in process of abjuuction (After Wonmin ) 


(Fig. 135). It has its origin as follows: The conidia at first lie 
closely end to end, enclosed in a delicate primary membrane ; 
the partition-niembraiies split into two lamellae, each of which 
takes part in tlie formation of a cellulose body which gradually 
becomes spindle-shaped. In the course of its growth this cellulose 
body — the disjunctor — ru])tiires the primary enclosing membrane, 
and, being released, becomes more elongated, so that the conidia 
are pushed away from each other and fall apart. 

The conidia have a strong characteristic odour of almonds, 
attractive to insects, which carry off the conidia and dust them on 
the stigmata of other Vacemium flowers. Wind is also, in all 
probability, an agent in the distribution of the conidia. The 
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conidia germinate and give off long septate hyphae which, follow- 
ing the course of the pollen-tube, reach the ovary, and soon 
fill all four^ loculi with a white mycelium. The growth of this 
mycelium proceeds from the central axis towards the walls, and 
forms a hollow sphere open above and below. The diseased 
berries cannot be distinguished till ripe ; then, whereas the 
normal are red, the diseased are yellowish-brown to chestnut- 
coloured, and soon shrink up, leaving only the outline of the 
sclerotium. 

The dead or mummified berries fall prematurely, and lie over 
winter on the earth. In April or May, the sclerotia give rise 



Fig 18(i — iSc/ei ohnta oxvcocci on Vuctinivm Ojycoctvx Young shoot of Cran 
fxjiry with mature conidial cushion and diseased ui)per lea\ os A , Peziza cup 
developed from a sclerotial fruit , numerous rhizoids proceed fi om the base of the 
stalk B, Ascospores in stage-, of germination 6', Conidia in germination, with 
remains of disjunctors still attached (After Woronin ) 


to several primordia or horn-like stalks, on the extremity of 
which an apothecium is afterwards formed. Eliizoids are pro- 
duced at the base of the stalk and attaching themselves to the 
ground act as supports and organs of nutrition. The apothecia 
contain both asci and paraphyses ; the latter are septate, dichoto- 
mously branched filaments, with club-shaped ends, and coated 
with a brown resinous substance. The asci have a canal at 
.one end through which are ejaculated eight spores of almost 
equal size. These produce sporidia in water ; in nutritive 
solutions, however, they form a septate mycelium with conidia. 
The ascospores bring about infection by means of one or two 
germ -tubes which penetrate the outer membranes of young 
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cowberry shoots, the stomata beiug always avoided. In less 
than three weeks conidia are produced. 

The mode in which the germ-tubes attack the host-plant is 
very remarkable. Woronin says: “The germ-tubes developed 
from the ascospores grow inwards towards the vascular bundles 
of the host-plant and enter them; then they continue to 
develop, but now in the opposite direction from the interior of 
the plant towards the periphery. Here a peculiar phenomenon is 
exhibited, the fungus exerts its injurious effects on the surrounding 
tissues of the host-plant, then, having killed these, it utilizes 
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Fifj 137 —ScU’rotniia Imcrarum on Varcimvm Mi/rtillus Younjf shoot of Bilberry 
with deformed hr inch liearing white conidiul {mtehes on Its lower side ; also a 
withered loaf A, Comdiul chains, and a poition enlarged. B, Shoot with an 
upper healthy ripe beny and a lowei mummified one. C, Feziza-cup developed 
from a sclerotiuni 1>, Aseoaporee , the smaller incapable of germination, another 
germinating and giving off siiondiu (After Woronin ) 

them as food-material.” “Finally, the germ-tubes penetrate 
between the elements of the outer rind already killed, and there 
develop to a stroma-like cushion of large-celled pseudo- 
parenchyma from which the chains of conidia emerge through 
the ruptured cuticle.” 

(Saccarilo also mentions Sd. oreophila Sacc. on leaves of Vaccmntm 
Vitis-Idaea.) 

Sclerotinia oxycocci Wor. The sclerotium disease of the 
true cranberry {Vacnnivm Oxycoeciis). The spores of this species 
are smaller than those of the preceding; each ascus contains four 
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larger and four smaller spores, the latter appearing to be rudi- 
mentary and incapable of germination. 

8cL baccarum Schroet.^ (Britain).^ The sclerotium disease of 
the bilberry ( Vacc, Myrtillus). This varies from the other species 
in having round conidia incapable of germinating in water, in 
having more robust apothecial beakers, and in lacking rhizoids. 
The spores are similar in number and arrangement to the 
preceding species. 

Scl. megalospora Wor. The sclerotium disease of the crow- 
berry {Empetrum nigrum). This species is distinguished by the 



Fio iZi —Sclaotima inepa(oxj>0}<i oa VoccnuuM uliginomm Cartiall^ withcied 
leaf with a white conidial cushion on the mid nb A, Conidial chuns pioduttd 
on 1 mvctlium, resulting from an artificial culture of ascospores in plum solution 
S, Isolated coiiidium with remains of disjunttors still attached C, Twig with 
upper mummified berry £, Ascospores , one in its gelatinous envelope, the other 
giving off a germ tube and spondia (After Woronin ) 


form oi its comdia, and the manner of their germination , in the 
form of the sclerotium, and the absence of primordia , in the 
absence of rhizoids , and, particularly, in having large ascospores 
almost similar to each other. 

The “white berries” of the Vacciniaceae are distinct from the 
mummified berries caused by Schrotinia.^ 

ScL aucupariae Ludw. The mummified fruits of Pijrm 
Auevparia, resulting from this fungus, were first observed by 

^Schroeter, Hedmqta, 1879; Woronin (loc. rit ). 

Sclerotia of this species have been found in Scotland by Professor Traill. 

® Magnus and Ascherson, Bertchte d. deutwh. holan. Gtn , 1889; also Zool.- 
botan. Oea., Vienna, 1891. 
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Woronin^ in Finland, and later by Ludwig in the Erz mountains. 
The ascocarp developed from the sclerotia has no rhizoids. The 
ascospores infect leaves, and there the conidia are produced, 

Scl. padi Wor. Causes mummification of the fruits of 
Pninvs Padns. Woronin regards Mmilia Linhartiana Sacc. as 
belonging to this Sderofmia. 

Woronin also considers the conidial form Monilia cimrca 
as related to the mummified fruits of cherry. 

(hmlarm nelans cm Mespihig is probably also a form of some Sclerotinia. 

A Sclerotinia occurring on Cotoneaxter nigra produces mummification of 
the fruit, and forms conidia on the surface. 

MoniUa fructigena of the apple, ]>eai, quince, plum, peach, etc., is m 
all likelihood a form of some Sclerotinia^ although the ascns-form is still 
unknown (see also “ Fungi imperfecti ”). 

Scl. betulae Wor. (U.S. America). This sclerotium of the 
birch-fruit was discovered by and briefly described by Woronin 
in 1888. Nawaschin^ has recently re-investigated it, and 
named it the ‘‘ birch-catkin disease.” It is found on the green 
catkins in June. The fruits containing sclerotia are obcordate 
in shape, instead of the normal elliptical form with both ends 
acute ; the wings are similar to those of healthy seeds. The 
sclerotium is composed of a very hard white pseudoparenchyma, 
which passes in the form o{‘ a horse-shoe round one side of the 
apex of the fruit (Fig. The outer layer is black and very 

firm. Sclerotia placed on moist sand produced ascocarps at the 
beginning of May. Development in the open also takes place 
about this time. In the birch forests near St. Petersburg this 
disease is common, and birch-catkins containing sclerotia may 
be found abundantly amongst fallen leaves about the month of 
May. From each sclerotium there are produced one or two 
ascocarps, with rhizoids and stalks of a length varying with 
the depth of dead leaves on the ground. The apothecia 
are at first funnel-shaped, but later became saucer-shaped 
and l-4mm. broad, with a golden or fleshy colour. The asci 
contain eight spores which are forcibly ejaculated, and if a 
handful of damp birch leaf-mould is thrown up into the air 

^Woronin, Berichfe d. devt'ich. hotan. Gts., 1891; also M6ni. dt I’acad. imp, 
d. sci. de St. Peternburg, 1895. With fi^e plates. 

2 Nawaschin, Sclerotinia betulae, Wor. Russian brochure with four coloured 
plates, 1893. 
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a cloud of spores so ejected may easily be seen. Infection 
takes place on the birch flowers. It is possible to promote 
germination in water, and on moistened leaves, but the germ- 
tubes soon die. 

This disease, on account of the small size of the birch fruit 
and the tiny sclerotia, remained for a long time quite un- 
observed, yet it seems to be common everywhere; in Eussia it 
has been found frequently, also in Germany, North America, 
and Japan. It possesses considerable economic importance, 
since diseased seeds are no longer capable of germination. 



Fig 139 —Scleiotmia betulae a, Birch frmts with sclerotia, which have 
jtenninated and formed cup like apothecial discs , rhizoids have developed on 
the stalks h, Birch fruit, somewhat enlarged, with semilunar sclerotia (After 
Nawaschin ) 

Hormomyia hcfidac Wtz. often occurs along with the above. 
It causes the production of thick spherical fruits with little or 
110 wing. Selcrotinia aditsta Karst, has also been found on 
birch leaves in Finland. 

. Scl. alni Naw. Woronin found this first on catkins of 
Alnus incana. Nawaschin has more recently investigated it.^ 
Scl. rhododendri Fischer.^ This was first discovered by 
Fischer in 1891 in fruits of the Alpine-rose {Ehododendron 
fcrrugineum and R. hirsutum) in Switzerland. It has since 
been observed in various parts of Switzerland and the Tyrol. 

^Nawaschin, Berichte d. detiinch. hotan. Oes., 1894; Maul, Hedwujia^ 1894, 
p. 213. With two plates. 

“ E. Fischer, Naturfortich. Oes. Bern, 1891 ; also Berichte d mhiceiz. hotan. Gee . , 
1894. With figures. 
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Fischer succeeded in obtaining stalked ascocarps from sclerotia 
of one and two years old. They resembled most closely those 
of ScL vaccinii, their stalk being provided with numerous rhiz> 
oids. The asci contain eight similar spores which germinate 
directly on ejaculation. They develop a mycelium and, later, 
chains of chlarnydospores which separate by means of disjunctors. 
The little conidia found by Woronin on Vaccmium are never 
produced. The paraphyses are generally unbranched and corre- 
spond in length to the asci. 

The mummified fruits are easiest found after the healthy 
capsules have dehisced, then the diseased ones remain closed. 
In winter the healthy capsules remain attached to the plant, 
the diseased fall off. Seeds of diseased capsules are completely 
overgrown by hyphae. 

Wahrlich ^ found sclerotia in capsules of IDumI. dahnrivum 
from Siberia. They gave off a sclerotial ascocarp with a stalk 
devoid of rhizoida. The mummified fruits resemble closely those 
of Scl. rhododcndri. 

Scl. heteroica Wor. et Naw. = Scl. ledi Naw.^ occurs on 
Ledum pahostre in itussia and Finland. It is very similar to 
^6'/. rJiododend ri, but is distinguished by the paraphyse^i being 
swollen and frequently forked at the end. In nutritive gelatine 
a copious mycelium is developed, and produces chains of ripe 
conidia with tiny disjunctors. Woronin found that these conidia 
are produced only on Vaecinhim id iff i nos it never on Ledum ; 
but the conidia so formed can siicc<*ssfully infect the ovary of 
Ledum. We have here the first known case of heteroecism 
outside the Uredineac. 

Scl. sclerotiorum Lib.^ (Fritain and U.S. America). The 
sclerotia of this fungus are found in many various plants. 
They fall to the ground with the dead plants, hibernate under 
snow, and on the arrival of warmer weather in spring give 
rise to several stalked apothecia. The ascospores are ejaculated 
from the asci, germinate, and produce a parasitic mycelium, 
described thus by l)e Bary : “ The ripe spores of Pezlza 

sclerotiorum produce germ-tubes on any moist substratum. 

Berichte d. deufvh. hotan. Gts., 1892. 

^Nawaschin, Berichte d, deutneh. hotan. Ges., 1894, p. 117. 

3 Brefeld, Srhimmelpilze, iv. and x. ; Be Bary, Morphology and Biology of the 
Fungi ; and Botan, Zeitung, 1886. 
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These develop to strong mycelial threads if they reach any 
source of nutriment, such as disorganized bodies and particularly 
dead plants. On any other substratum the germ-tubes never 
pass beyond a rudimentary stage. The germ-tubes developed 
in water cannot make their way into living plants. If, however, 
grown in suitable nutriment, the mycelial threads are smaller 
and capable of penetrating as parasites into suitable hosts. This 
they are able to do because they give off a fluid which enters 
into and kills living plants. The dead parts of the plants 
serve as nutriment to the fungus, which makes its way into 
the tissues and causes death of cells in direct contact or im- 
mediate neighbourhood. The deadly fluid separated by the 
fungus contains, as an essential constituent, an enzyme soluble 
ill acid solutions and capable of dissolving the cell-walls; also 
a number of imperfectly known organic and inorganic acids 
and salts, amongst whicii oxalates can certainly be proved. 
The mycelium generally penetrates parts covered only by cuticle 
or a thin periderm. It does so by hyphal branches which grow 
into the air till they reach some suitable host ; then, stimulated 
by the pressure, they give off characteristic organs of attachment, 
which secrete a cell-killing fluid and cause disorganization of 
the place attacked ; they derive nouri.shment from the products, 
and give off branches which penetrate into the plant.*' 

Conidia capable of germination are never produced, though 
rarely tiny spermatia or conidia incapable of germination are 
abjointed from the mycelium. 

A. is certainly never ])resent in the life of 

this species. 

Sch sclcrotiorum is one of the worst enemies of cultivated plants. 
De Bary observed total or partial death resulting from it to 
the following plants: FJiaseoliif> intlgarin, Peimiki nijctaginijlora 
and P. violacmr, Solamm hiberusim, Zinnia dcgans, Hclianthvs 
tuberosns, and Daucas Caroia. It has also been found on species 
of BrassiQa, Beta, Cichorium, Dalilin, Topinambur, etc., and on 
seedlings of numerous other dicotyledons. It is thus evident 
that many and varied plants, belonging to widely removed 
families, may .serve as hosts; on the other hand the fungus 
avoids certain plants, and is known to injure species in one 
locality, which it avoids in another. 

De Bary regards a destructive canker on hemp in Bussia 
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{Peziza Kanffmamam Tichoin)i as related to, or identical with 
Bd sclerotwnm Behrens, however, is inclined to ascribe it 
to Scl Fuclchnna, which has occasionally a Potri/hs-stfige This 
hemp disease has also been found in Alsace ^ 

Humphrey ^ regards this species as the cause of a disease 
of indoor cucumbers, he ascribes a Bofi yhs-stSige to it 
Scl sclerotiomm is best known b} the conical funnel-shaped 
depression in the h} menial disc, not present m other species 
Sclerotinia trifoliorum Knks^ (US America)'^ Clovei 
IS not attacked by the S(hu>finu( hist considered, but falls an 
easy prey to this species, which again derives but scanty nouiish- 
meiit from such food as fresh carrots Sd fnjohomm is 
observed wild onlv on species of clover, and is there fairl} 
common, maiiv othei plants liowcver have been artificial!) 
infeited I)) it Host-jJants are attacked thiounh then green 
foliage, which vei) soon becomes brown and shrivels up If 
the atmosphere be sufbcientlv moist, tlie m)celium emerges 
on the exterior and spieads to neighbouring organs or plants 
Sclerotia an not often formeil superficially as with Sd 
sekrohonfok, because the m}celium lives principall) inside 
the ])lant tissues Ihis mvcelium resembles that of tSd 
scleioho) iim in its peculiai juopeit) that successful inlection 
only follows if the fungus has lived tor a time saproph)ticallv 
on this account direct infection l>v spores is harmless In tlu 
secretion of an tnz)me and of oxalic acid and in the mannei 
111 which It destro)s the tissues of its host ])lant this s])ecies 
behaves like Sd sdoofioium just desciibed It is distinguished 
b) its largei ascospoie^^ and the aliseiice of a central funnel- 
shaped depiession m the liyniemuni Spoies germinated in watei 
produce numerous Intdies (so-called spermatia) whicti distinguisli 
the species from Sd Fuddiaun wheie this does not take place 
Eostrup^ found m Denmark that Meduaqo Inpidma suffered 

^ Ticliomiroff’ Bull see vat (h Matron 18f)S 

■^Behrens, “ Uefjei das Anftretui d Hmfkrebses im Flsass ZekHthtift f 
PJlanzeidrariJ hfiliii 1891, p 20K liockuit u imsse F.iide d Tabaka, iikm 
1893, p 82 

‘Humphrey, (X/»i sfat ion Mass 1892, pp 212 224 

^ Kuhn, “ Die Skleiotieiikiankhuteii <1 Klees ’ Hetiniqia 1870 
Rehm , Evtiui Lelinitisiie>,ih lines d KUe zerstin enden Ptl es 
® Maasee (Butish FuiKfU" floia, iv , 1895) “Theie is no e\ idence of this species 
having occuired in Biitain 
®Rostrup, Tidsshift foi Land ilovomn , 1S90 
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most from this fungus; red clover was less affected, though 
the disease often had its origin in that species ; while white 
clover was least often attacked. He recommends keeping out 
Medicago from clover mixtures, and the addition of a large 
proportion of grass-seeds. Fields badly affected should be 
kept out of clover-cultivation for several years. English and 
French white clovers he found to be very sensitive, but distri- 
bution of the fungus did not take place by means of seed. 

Scl. tuberosa (Hedw.) (Britain and U.S. America). This 
on the rhizomes of Anemone nemorosa causes formation of 
sclerotia larger than filbert-nuts. The ascospores on germination 
produce groups of flask-shaped processes from which are given 
off chains of spherical conidia incapable of germination. Certain 
pycnidia which appear on the anemone-plants or on the sclerotia 
belong to a parasite {Pgcnis Hclerofioora Brefeld). 

Scl. bulborum Wakk.^ (Britain). Wakker observed this form 
on hyacinth, onion, etc. It is very similar to ScL tnfoliorum, 
but the hyacinth-fungus will not infect clover, and vice versa. 
The leaves attacked become rotten and the plants die.^ 

Eriksson describes, from Wermland (Sweden), a destructive appearance of 
bulb-rot due to sclerotia, which lie attributed to Scl. Fuckeliana De Bary, 

ScL candolleana Lev. on oak-leaves. 

Appendie. 

Sclerotia of Unknown Affinity. 

Scl. oryzae Catt. Bice plants {Orjpji saliva) are often 
attacked by this Sclerotiim, and a disease called “ Brusone ” 
produced. The sclerotia are found during June in the sheaths 
and stems. The symptoms are blackening at the base of plants 
and withering of upper parts. 

Scl. rhizoides Auersw. occurs on living plants of Fhalaris 
arundinacea, and Galamagrostis’, also on dead leaves of Dactylis 
glomerata. 

Scl. rhinanthi Magn.^ forms sclerotia on the roots and root- 

^ Wakker, Allgem. Vereenig. voor BloemhollenctUtur, 1883-84; also Botan. 
CentrcUhlatt^ xxix., 1887. 

^G. Massee {Gardener's Chronicle^ Vol. xvi., 1894) gives description and 
figures. 

“ Verhand. d. hot an. Ver. d. Pror. Brandenburg, xxxv. 1894. 
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neck of living RJnnanthns miiwr these bodies begin their 
development in the cambium and bark, which they kill , after- 
wards the wood Itself may be attacked 


Sclerotinia with Botrytis-conidia.^ 

Scl. Fuckeliana Be ilarj This Sditotiyna is distinguished 
fiom all preceding ones by its passing through a Botiiftu- 
conidia stage {Bofii/tis (itiota) If conidia aie sown out on 
plum-]uice gelatine, theie appeal within fourteen to twenty- one 
<lays round groups of sclerotia, which soon 
give rise to conidia Fiom such artihcially- 
reared sclerotia I have nevei succeeded in 
getting the P(;:^^^^-frlnt, so easily cultivated 
from sclerotia gathered in the open an {( (j 
from \me leaves)^ Thus the actual proof 
that Scl Fwhhnmi and Botiytis (imrea are 
stages in the life of the same fungus is not 
reached by this experiment The two forms 
are, howe\er, very fiequently met together 

The sclerotia of S<1 FiuJcham are produced in the mesophyll 
of the leaves, also m the parencli}ma and epidermis of the 
host-plants, but never m the wood Pcs^^^^c-fruits with fiat 
apothecia are produced from them ylcrotia are found m vine 
leaves and ovei-iipe giai)es (Fig 140), especially of the Ilieslmg, 
Orleans, and Sylvanei varieties^ (Uhei plants and fruits may 
also be attacked Diseased parts bccom(‘ brown from the 
effects of the paiasitie mvcelium, and die off The mycelium 
can only live parasitic alter it lias been strengthened by a pre- 
vious saprophytic existence Ascospores are thus unable to 
effect direct infection Tlie Po/r?/^i6-conidia seem, however, 
capable of directly infecting a host- plant, at least I have always 
succeeded in infecting ( onifers successfully with the comdial 
foira Botiytis JJoHqlasu 

1 See also Botrytis amongst the ‘ Fungi imperfecti ’ 

^Brefekl, Heft iv , p 129, and \ , p 315, fubeuf, Beitraqe z Kmntnim d 
BaumkranVieiten, 1888 

®Zopf [Die Pil~€, p 742) states that Pezt„a fruits may be reared from these 
sclerotia after they have tested a year 

^Muller Thill gau, “Die Edelfaule d Trauben ” Landvnrth Jahrbuch, 1888 
(Ref in Botan Centralhlatt, xxxv , 1888, p 94). 



lid 140 Scleiohma 
hudehano, Rij)e rot of 
the Orape Berry with 
Bclerotiu Tubcuf 

del ) 
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Epidemics of great magnitude have been ascribed to attacks 
by the Botrytis-iorms, of this Sclerotinm. Thus on lilies in 
England/' on yellow gentian/ on male flowers of Conifers, and 
on the twigs of Conifers and other plants. This is especially 
the case in houses under glass, where the fungus, favoured by 
the moist atmosphere, lives as a saprophyte on dead plant-remains, 
and multiplies till it becomes strong enough to act as a 
parasite. It is, however, quite possible that conidial forms of 
other sclerotia {e.g. Sd. sderotioriim) may be confounded witli 
this species. 



Fio. lH.—Bolriilh cinerea (Scl. Fucheliana). Branch of Pnnius trlloha wiUi two 
diseased shoots, withered and desid. (v. Tubevif phot.) 


The presence of Botrytis and allied forms on the vint' is the 
cause of a disease of great economic importance, because severe 
loss may be incurred through rotting of the grapes and the 
injurious after-eflects on the “most.” 

A decay of the potato-plant is said to be caused by sclerotia 
formed inside the stems, and also by a Botrytis'^ Sniith^ has 
figured similar sclerotia, which he ascribes to Peziza •poduiva 
Berk, and Wil. 

^H. M. Ward, Annala of Botany, 1888. 

^ Kissling, Hedioujia, 1889. 

2 Ritzema-Bos., /. PJlanzeMkrankhtiten, 1894; O. Kirchner, Wurtemhunj. 

Wochenhlatt /. Landwirth., 1893. 

* Worthington (1. Smith, Diseanes of Field and Garden Crops. London, 1884. 
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Sclerotia, along with J?o/r?y^is-conidia, have been found fre- 
quently on diseased geraniums 

During the summer of 1894 a withering of twigs of Prunus 
tnloha occurred in several gardens at Munich (Fig 141) A 
mycelium was found in the bark leaf-petioles, and young 
ovaries, while ?/^<s-conidia were 
developed on the dead parts 
With these I successfully infected 
young needles and twigs of ^pmce 
Sclerotia were also formed on plum- 
gelatine in foul teen days The 
parasite in this case had killed old 
twigs of Pnnuis, and also infected 
twigs ot Conifers 

Botrytis Douglasii is a para'^iti 
which I studied some time ago on 
account of its presence along with 
a disease on the Douglas hr (Psiu- 
(h)f‘}U(/a Pot((jIasu) ^ I have since 
had reason to believe that it is 
allied to some form of scleiotium 
like that ]ust considered and my 
view is &u])])orted bj l>ehiens“ 

The disease as seen in \ ii ictus 
parts of (xeiiinny is chamcteiued 
by withering, euiling-up and death 
of }oung shoots towards the sum- 
mits of }oung seedlings and on the 
lower twigs of oldei trees up to 
about hve feet above the giouiid 
In autumn, Itlack sclerotia about 
the size of pm heads, lireak threugli aid 

the epidermis under the old hud- 
scales at the base of dead shoots, 

and on the needles In addition to these, smaller masses of 
tangled hyphae are also formed When scleiotia are placed 
m a moist chamber, tufts of erect conidiophores arise, and 
branch, forming numerous whorls of conidiophores, from which 

Tubeuf, Beitru(jc z Ken'ntim'^ d BaumkrauUmteii , Berlin, 1888. 

- Behrens, /t / PjianztnhankheUai, 1895 
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oval hyaline conidia are abjointed. These germinate at 
once in water, and infect young developing shoots or needles 
of Douglas fir, silver fir, spruce, and larch. Death of these 
ensues iii a few days, and finally the whole plant is killed. 
On the dead needles a copious development of Botrytis takes 
place, and the conidia being easily detached, spread the 
disease in damp localities. The mycelium and conidiophores 
are very sensitive to drought. The sclerotia serve to carry 
the fungus over winter, and may be found in autumn and 
winter. 

I have found Juniperis communis with its young shoots dead, 
and sclerotia similar to the above on the needles. 

Whether Sderotinia Kerneri Wettst. found on needles of Abies peethmin 
is parasitic or not, I do not know. 

Scl. galanthi Ludw.^ Ludwig observed this disease on 
snowdrops. In place of the flower a shapeless mass was pro- 
duced, completely covered with conidiophores of Botrytis. The 
sclerotia develop inside the tuber. 

ScL pseudotuberosa (Ilehin). {Scl. Batschiana Zopf or Cihoria 
pseudotvherosa Kehm) (Britain). The cotyledons of acorns are 
sometimes found replaced by a firm sclerotium, from which a 
peziza-fruit {Cihoria) is produced. Nothing is known in regard 
to mode of infection or the parasitism of this species. 

EU-PEZIZEAE. 

The apothecia, at first closed, open out to form saucer- 
shaped or cup-like discs, with a margin. The discs have 
usually a thick hypothecium ; they are flesliy or waxy in 
texture, and are often brightly coloured. 

Dasyscypha. 

The waxy or membranous ascocarps are sessile or shortly 
stalked, and beset on the outer surface and margin with hairs 
of various colours. The asci dehisce by a round apical opening. 
The spores are ellipsoidal or spindle-shaped, unicellular, and 
hyaline. The paraphyses are thread-like. Most of the forms 
are saprophytic on dead plants; the following species alone 
is known to be parasitic. 

^ Liulwig, Lehrhuch d. niederen Kryptogamen. 
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Dasyscypha (Peziza) Willkommii, Hartig ' The Larch Cankei 
(Biitain and U.S America) Everywhere m the mountains, the 
home of the larch, one tinds, on }oung branches and old stems, 
depressed canker-spots, on which the sporocarps of Dasyscyplw 
WillLominii are developed Young twigs, when attacked, are 
already conspicuous m duly and August b} their pale and 
withered needles, and on them small 
canker-spots will be found, these rapidl) 
enlarge so that on older stems the} iiiav 
reach very great dimensions Hartig easil} 
succeeded in producing cankei -spots on 
healthy trees b} artihcial infection 

If canker-spots aie examined soon aftei 
the death of the bark, the stiomata will 
be found as yellowish- white pustules 
Conidia are produced eithei on the fret 
surface or in the iiiteinal cavities of a 
stroma , the} are tiny unicellular hyaline 
bodies, produced from little couidiophores 
Hartig never succeeded m getting these 
spores to germinate If the atmospheie 
be moist enough tlie apothecia make their 
appearance latei on the same places, the} 
are externall} vellow, ami intei nail} orange- 

, , 111 1 ULoni)) I Tlirec asci ai» i 

coloured. Ihe apothecial disc cairies long tw) paruphjses isolated 

, , 111! fr )ni an ap< thecnini (Aftei 

thiead-like paiaph}ses and c}lmdiical asci a iiartig) 
with rounded apices (Fig 14 3) The asco- 
spores are oval, unuellulai and h} aline The} germinate and 
give off one or two geim tubes winch are unable to ptnetiati 
the pendeim of a host-plant and onl} find entiance through 
wounded places Wounds are very common on larch as the 
result of hail, or in]ui} to twigs by snow or ice, or destiuction of 
needles by insects For example, the Larch-moth {Cohvphoia 
laricdJa) is well known to cause less damage on the mountains 
than in the lower legioiis, and m the same degree Dasyscypha is 
least injurious to mountain foiests 

The mycelium is septate and much branched , it spreads 
chiefly through the soft bast, especially in the sieve-tubes and 

Haitig, axi'id for'itbotan ImtitiU Munchai, i , M WMl 

komm, MikiO'^ Fetndi dis Waldes, ii , 1868 
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intercellular spaces, but it may also penetrate thfif wood as far 
as the pith. The fungus only spreads during autumn and 
winter, never during summer, the vegetative period of the 
larch. The attacked tissues of the bark turn brown and shrivel 
up, cau^ng the depressed canker-spots. Healthy parts continue 
their growth normally, and are frequently cut otf from diseased 
areas by formation of layers of secondary cork ; this isolation 
is, however, rarely effective, since fresh invasions of mycelium 
from the wood into the bast take place annually, and thereby 
the canker-spots keep enlarging for an indefinite time. 

The fungus develops reproductive organs only in damp marshy 
situations. On this account spore- formation is less frequent on 
mountainous slopes than in moist valleys and ravines. The 
larch, on its first introduction into the low-lying parts of Germany, 
Denmark, and England, was much cultivated as a pure forest in 
close damp localities, and with great success ; but now this parasite 
has followed its host from the mountains and causes ever 
increasing damage. 

As preventive measures may be recommended ; larches in 
low-lying districts should be grown in open, airy situations, and 
never massed together nor placed in the neighbourhood of diseased 
larches. 

Lachnella. 

The reproductive organs are similar to Da'^jfscypha, but the 
apothecia are firmer and generally have no stalk ; the spores as 
a rule become two-celled at maturity. 

Lachnella pini Brunch.^ occurs in Norway on twigs of Finns 
syJvestris, as a parasite which (prickly kills young plants and twigs. 
It is rare on old plants. The apothecia resemble those of D. 
Willkommii, but are larger, externally brown, and covered with 
brown hairs and scales. The disc is reddish-yellow^ with a whitish 
margin. The asci measure about 100/x^y Q/x, and contain 
colourless unicellular spores about 20ya l^g. 

Rhizina.^ 

This genus contains the single species Rhizina undulata 

^Brunchorst, Nogh norske skovsygdomme, Bergens Mus., 1892. 

^Rhizina has a position somewhere between the Ptzizeae and the Helvelkae. 
tSaccardo places the ^enus under Pezizeae, while Schroeter makes for it the 
special group of Rhizinacei, included under his Hdvellinei. 
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Fr. {Rh. injiata, Schaeff.). Root fungus, or Ring-disease.^ This 
fungus is found as a saprophyte on the earth, especially where 
forest fires have occurred ; also as a parasite on indigenous and 
exotic conifers. As such it has been observed in nurseries in 
various parts of Germany, and in woods of Rmub Pinhstcr in 
France. Tlie fungus itself is known in Britain, though not as 
a parasite. 




licj 144 — «/ >}(( I ,i(U latu In Uo — Sectiim of hjnienmni o, Para 

<1, Upper sin f ict , h lower Hurface , c smill phjseH, BccietuiK tubtH, c isci, each with 

sporophoreb (After Hai tig ) eight Hjiorts (After Hartig ) 

The disease extends from a centre <ind attacks one plant 
after another, causing them to lose their needles and die. 
The sporophores are large to 2 inches), chestnut-brown, 
flattened or undulating structures, winch sit directly on the 
mycelium, without a stalk. On the upper surface is the 
ascogenous layer which, when moist, is peculiarly sticky and 

^ R Hartig. Forstl tiafuriois'ten. Zeitschrift , 1892, p 391 ; Pnllieux, Compt. 
rend, de la Soc deft A()nt , 1880. 
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glutinous; it consists of small eight-spored asci over which 
project septate' paraphyses, and also non-septate paraphyse-like . 
structures which discharge a brown secretion. The ascospores are 
unicellular, hyaline, and canoe-shaped ; on germination they give 
off a germ-tube which immediately develops into a septate 
mycelium. The mycelium is found in the intercellular spaces 
of the rind-parenchyma, but in the bast it grows both inside the 
cells and between them, so that the sieve-tubes are often completely 



Fit 14(i — Ro'it-sjstein of a Silver Fir 
uverurown and killed by the nntelium of 
Hhizino undulclo (After Haitig ) 



spore of c enlarged (After llartig ) 


filled up. Masses of fungoid pseudoparenchyma are frequently 
formed between the dead and diseased tissues. Strands of the 
iiatiue of JRIi Lzocfoiiin emerge from the diseased roots, many 
of them carrying thread-like processes, at the extremity of 
which an oil-drop is secreted and escapes on rupture of the apex. 

According to Hartig, very tiny conidia are abjointed from 
the mycelium 

De la Boulage^ and Prillieux have both come to the conclusion 
that “ la maladie du rond ” of J^inus syhedris and P. maritima 
is the same disease as the “ ring-disease ” caused by Phizina. 

- ^ BiiU. dt la HOC. (IfH Agric. de France, 1880. 



THE HELVELLACEAE. 


275 


Ajipcndiji 

The Helvellaceae; 

This tarnil> is well known, some as poisonous, others as 
edible funs;! (morel, etc), and a few are suspected of be’mg para- 
sites The ascogenoufe laj^er occupies the upper surface of the 
^porophoies, which grow on the earth and assume many various 
forms As a rule they are erect and fleshy, and more or less 
lobed wrinkled, oi folded 


lSIILA(wlNLAK 

The Ustilagineae oi Smut-fiingi are distinguished by then 
dark -col cured or black chlamydospoies, which, on germination, 
])roduce some form of piomycelmni capable of giving rise to 
an indefinite nunibei of connln or sporidia^ The chlamydospores 
themselves <ire produced in large numbers fiom .i in}celium, 
and sene as restiiig-s])ores to c.iri} the fungus through the 
wiiiui being often, in fact the onh part which jiersists An 
endogenous foiniation of spores in sjiorangia as in the lowei 
iun^i oi in asci is in the Asconi}C( tes, does not occur in 
tin Ustilagineu I ledintae oi liasidiomjcetes 

Ihe resting-sjKues of the Ustihgineae contain only one 
nucleus the result of (ojuilatioii of two nuclei, their formation 
tliiis marks tlu end of one geiieiatioii and their gerrniiiatiun 
the beginning of a new In the case of the Uredmeae, Basidio- 
iii>cctes <ind Ascoiii^ cedes the iiegmniiig of the new generation 
IS indicated b} the gdiiiin.ition of the teleutospore, the formation 
of basuhosjiores on the basidium and the germination of the 
ascos])nre lespcctiveh 

All the lIstiUgiii{\ie are parasitic on higher plants, the 
myceliuni growing iiitercellularly and nourished by means of 
haustoria sunk into the host-cells. The mjcelium itself causes 
neitliei disease iioi defcrmation of plants, and it only when 


a mycelial 

with this vitw iicio ..... o — x-T — — - 

sponding to the Ustilagineae Biefcld then subdivides this gioiip into (a) Ustila 
gineae (Usfdago, Sphaidotheca, Sdunulla, Tolypof^prynum), which as a rule 
have a septate piomycelium , and {h) J illetieae (7 tlletia, Enlyloma, Melayiotaeuium^ 
Sehroetena, 7 hecaphot a, Soro'<poriU7n), with non septate pioniycelia (Schimmel 
pilze, Heft v , 188.1, and Heft xi , 1895 ) 
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the restmg-spores are developed that deformation occurs These 
spores arise by intercalary growth in the mycelium, which is 
generally completely used up in their formation , they are 
produced in large numbers, and scatteied after decay of the 
tissues ehclosing them. 

As a result of the germination of the restmg-spores, there 
IS produced eithei a mycelium capable of immediate infection, 
or a promycelium from which conidia' are abjomted In the 
latter case, conidia are generally formed m succession, and 
continue to be given off from the promycelium for a considerable 
time They either give out a germ-tube capable of infecting a 
new host, or give rise to further conidia. The latter process 
IS most frequently observed in aitificial nutritive solutions, 
where the conidia continue to sprout in a yeast-like maimer 
till nounshment is exhausted, when they germinate and form 
mycelial filaments In the host-plant, clilamydospores alone 
are developed, conidia exceptionally {Tnhuic^nia and EM if 
lama) 

The Ustilagmeae are very dangerous anl injurious enemies 
of cultivated plants, especially to the \arioub cereal crops The 
species are faiily easy to identify, because each is, as a lule, 
confined to one or a few species of host The smut-fungi are 
best combated by sterilizing the seed of suspected cereals in 
a copper sulphate solution or in hot watei shortl> liefore 
sowing out, (see Geneial Part, ch.ip vi) In this way any 
adherent smut-spores are killed, and where this })ie\cntive 
measure is regularly carried out, disease is less common and 
its effects consideralily minimized 

The Ustilagmeae include the following genera Ihtilago, 
Sphacclotheca, Schizoiidla, Tohfposfwiium, Tilhhn, Enti/Joina, 
Melamtaimvm, Uioaphs, Tuhiircima Daossuiisui, Schiodma, 
Thecaphora, Sorosfjorium, Giaphwln, SfJiitKia, Tuhaiulaiia 


Ustilago. 

The vegetative mycelium makes its way through the tissues 
of the host-plant without causing an} deformation The spores 
are developed m certain parts of the host, and form a much- 
branched, compact, spoiogenous mycelium, with membranes 


^ ‘ Conidia ’ - the spondia of De Bary 
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which at first swell up in a gelatinous manner Spores are 
formed inside the ultimate ramifications of the mycelium, and 
as they reach maturity, the membrane loses its gelatinous 
character, the cells break up, and the spores are set free , they 
are dispersed as a dry dusty powdei aftei rupture of the tissues 



Fig 148 —Ustdago av Us Tl o head haw Icon cxixjsed to view hy disseclnif, 
aw ly the enclosing leaves it is 1 csot towards the apex by smut lit ils 
(V Tubeuf phot ) 

of the host enclosing them The spores germinate, giving rise 
to a promyceliura (basidiiim), which becomes divided up by 
means of cross- septa into several cells, from each of which 
conidia are laterally abjointed These conidia sprout yeast- 
like, and give off new conidia, or they produce a mycelium , 
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the former is the case when nutrition is abundant, as when 
under artificiah cultivation, the latter under less fa\ourable 
nutrition , m very unsuitable conditions tlie constituent cells 



Flu 140 — Ditdapo mai/du Ditieiuied MaisK. hctula after removal of uucloaiiiK 
leaves The heads art beset with smut Iwils of all sizes, some ruptured, others 
still unbroken (v Tubeuf phot ) 


of the promycelium may each develop directly into hyjihae 
capable of infecting a new host. 
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UstilagO maydis (D.C.)^ (Britain and U.S. Anierica).^ This 
smut of Zea Main produces large and conspicuous deformations 
on leaves, leaf-sheaths, stems, roots, and all parts of the male and 
female flowers. These are whitish, 
gall-like swellings and blisters, 
containing a mass of gelatinous 
mycelium, from which s|Kires are 
produced. The swellings may 
attain to the size of a fist, or 
even larger. The s])ores appear 
at first as dark f»liv(‘-green 
masses seen tlirough the lighter- 
green outer tissues of the host- 
plant. When mature the .spore 
masses cause rupture of the 
enclosing host-tissues, and esea]>e 
as a dusty jmwder. The .spores 
are dark-hrown in colour, irregu- 
larly spherical in sliape, covered 
witli delicate spines, and measure 
in diameter. Tlnw re- 
main cajiahle ot germination for 
many years. 

On being sown from the host- 
plant directly into watei, very 
few spores germinate at once, 
yet if sown in the following 
spring they readily do so. In a 
nutritive solution {< (j. idiim-juice 
gelatine) an abundant germina- 
tion may he obtained at any „ .4 * 

time. A delicate hyaline hypna Mm/e (v Tuhcufphot) 
is given out first, and after he- 

coining divided up by several eross-septa, it proceeds to ahjoint 
conidia from various places. The conidia sprout in the gelatine 

1 American Literature: U.S. Dept, of Agrindt are Report, 1889, p .380, wnth 
description and recommendations as to treatment. Also Ohio Jgni. Rxpei. ota . 
Bvlletm, Vol, in., p. 271, 1890. 

“The principal authorities for the occurrence of the UstiUigineae 111 Bn^in 
and the United States are Plowridit {British U'*tdagmene. 1889), and Farlow 
and Seymour ([{ost-index of Fungi of U.S. America, 1891). (Ldit. ) 
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in a yeast-like manner, but on exhaustion of the nutritive 
materials, the primary conidia, and even the constituent cells 
of the promycelium, give off germ-tubes. Conidia are never 
found on the maize-plant itself, but Brefeld’s investigations 
have demonstrated their production on dung-cultures, so that 
conidia may possibly be produced on manure-heaps or manured 
soil, and young plants be infected by them. Brefeld has, 
by means of germinating conidia, successfully infected maize- 



Fio 1j1 — Uililugo vitnfdi* Mai7t hci»l 
completely malformed mto Htnut lx)il« which 
liave not j et ruptured (' Tuljcuf phot ) 



Fk. Fii - f utifnmt mn>uhit Smut hoiln ou 
Ktem and Icif of n M are phut (\ Tnbcuf 
phot ) 


seedlings as well as growing points and otlier young jiarts of 
older plants 

Infection may take place on any immature jiart of tlie 
host. The mycelium does not grow through the whole plant, 
but only inhabits a part in the vicinity of the place infected 
The heads are most frequently attacked, with the result that 
the grain fails to reach maturity, or is destroyed during the 
formation of fungus-spores. 

Owing to the danger of infection, grain mixed with smut- 
spores should never be used for sowing ; nor can such be 
safely used for feeding cattle on account of its injurious eHects 
on them. 
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Knowles,^ Cu^ini,^ and Wakker^ have investigated the 
anatomical changes produced bj this fungus The latter 
investigator found that the xylem -elements with unlignified 
walls remain incompletely developed, and have a peculiarly 
twisted course , that normal sieve-tubes are absent , that the 
cells of paienchyma undergo secondary division, and give rise 
to a new tissue provided with little fibrovascular bundles, and 
rich m starch-contents, in other words, a nutritive tissue to lie 
used up in the spore-formation of the smut 

The disease may be found wherever mai/e is cultivated, 
and often causes a ver} serious diminution in the harvest 
It may be cf)mbated 1)} eaily removal and destruction of the 
smut-galls As a preventive measure, the treatment of seed-corn 
with copper sulphate solution is recommended The avoidance 
of flesh manure is also advisable, since conidia capable of geimi- 
nation may be lodged in it 

The following are the results of an experiment carried out 
at my instigation l»v Professor Wolln} in liis experimental 
plots at Munich Three plots wcie selected distant from each 
other about 70 metres On 2nd Ma}, 1802, these weie marked 
out in lows 40 centimetre-) apart, in which maize was sown at 
intervals of 70 cm The grain was previously mixed with 
smut-spoies obtained from the T}iol in autumn, 1892 Plot 
No 1 was left without manure, No 2 was treated with old 
No 2 with fresh cow-manure Maize had never been giovvn 
in the vKinitv so that no infection could result from external 
sources Tire lesults weie 

Smutted 

N umbel of Plant' Absol Per cent 
Plot No 1 uimuumieil 14S 0 0 

, 2, old cow inaiJiut 124 2 1 6 

„ 2, m w cow luamiK, 132 11 7 6 

Ustilago Schwcmitzu Tul fiom ( aioliua UbA h piobabl> identual 
with Cst 

Ust. Fischeri Pass.’ This smut, oliserved m upper Italv, 

^ Knowles, K J , Jwif/ JuuinaJ of Mycoloijy, Vol i\ , 1SS9 

- Cugini, “ II carboue del grano turco, Bdl ddl dat Ayiai di AModena, W)] 

■*Wakker, Priminhim n Jahrbuch, Bd 24, 1S92 

^See “General Part ebap \i, and also “ Vergleichende Unteisuchungen 
Ub Flugbrandarten ’ P Herzlieig ui Zo/>/’s ISd.) 

®Pa88eiini, bofav Jahfhuch, 1889, p 123 
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attacks the a\is of the maize-heads Its spores are spherical 
with slightly granular coats, and measure only 4-6/u m diameter 
It causes damage thiough shrivelling up of the grain 

Ust. Reiliana Kuhn This smut frequents Sorghum halcpohsi 
and S mlgare (Durra or Indian millet) , also maize in various 
parts of Europe and America,^ as well as in Egypt and India 
It is called ‘ Hamari ” m the Arabic language 

Kuhn ^ thus describes it “ This species causes the ears of 
Durra to become large smut-galls of roundish or ovoid sliape 
with a height of 60-05 mm and a diameter of 40-60 m in 
At first the smut is enclosed in a whitish skin which is rnptnied 
into shreds to allow the escape of the black spore-iiovvder 
After the smut-spoies aie shed there remains a stiff skeleton 
consisting of the hbro\ascular bundles of the aboited ear 
The spores are distinguished from those of Vbt mophs b} 
their greater size (9-1 5/x), and their almost smooth membrane 
with \ery small spines According to Ihefeld the sports iie 
capable of germination in nutritne solutions after eight \eirs 
In the fresh condition they germinate in water to a limited 
extent, producing multicellular prom}celia which gi\e off (<uiidia 
In nutritive solutions they germinate and produce thick jiiomv 
celia with three or four cells, from whicli multitudes of tonidia 
(5-12/u long and broad) are ab)Ointcd Tin (onidia 

fill off and sprout till the nutritive substratum is exhausted 
when they give rise to thread-like eonidia which do not coalosct 
If kept dry the (onidia easily retain tlieir vitality foi month«> 

Kuhn diHtinguishes finthti Sorosponum Ehrenbcrpi Kuhn on Soiqhnm 
<(innuin 

Ust. cruenta Kuhn ^ Another parasite on the ears of 
Soighvm It is desciibed by Kuhn as follows “On the 
spikelets little reddish-brown protuberances of roundish oi 
oblong shape are formed and enclose model ately-sized masses 
of dark-red smut-powder If the pustules are very numerous 
they coalesce with each other, and the blanches of the ear 
become more or less shortened, thickened, and twisted Where 

^ Norton, “Usfcilago Reiliana,’ Botanical GaMte, 1895, p 462 
■'Kiihn, “Die Brai^dfomien der Sorghum art en,” Mitlheil d Vn f Etdknndc 
zu Halle, 1877 

Kuhn (loc cU ) and Hamhurqer Garten Zeituna, Bti 28 
Brefeld, Heft v , p 91 
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the pustules are fewei in number the parts of the ear retain 
their normal position, but all the floral organs contained in 
the glumes are wholly or partially converted into irregular 
greyish smut* masses. Isolated pustules may occur under the 
inflorescence, on the next mteiiiode of the haulm.” 



Fi( 1 — f Ktilaijo r uentu Smut of Ourrt oj SorKhurn Tin, bend hag been 
divided tip and the i«i< plated bram bes jihotographed The ovaries n e transfonued 
t<p long t rooked sacs, and imstulo like otitgrow tbs art also present on stalklets iupI 
stalks (V Tnbouf phot from material supplied In Prof Dr Jtil KUbn ) 


The spores are yellow to brown in colour, smooth-walled, 
and of very variable shape, 5-1 2ju. long and 5-9/a broad. As 
a rule, germination in water results in the formation of a germ- 
tube composed of four or five cells, which elongate to long 
mycelial threads or, exceptionally, produce a single conidium. 
As a result of germination in nutritive solutions, a lively 
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formation of conidia ensues ; the conidia multiply in a yeast- 
like manner, and only grow out as hyphae on exhaustion of 
nutritive material. Infection takes place on seedling-plants. 

Kiihn cultivated this species on Sorghum gaccharatum and S. vulgari\ 
and suggests that a common disease of Durra in South Africa may ho 
caused by this parasite. 

Ust. sorghi (Link.) {Ust. Tu/asnci Kuhn) (U.S. America) 
This is another widely distributed parasite of Sorghum rulgart 
and S. mccharatum. Its external appearance is described by 
Kuhn .somewhat as follows: “Diseased plants attain to almost 
their normal size, and the flower-head is developed as far as 
the glumes. The ovary, however, is completely metamorphosed 
into a sac filled with spores, its outer wall forming a delicnte 



Fk. \ a ~l fttUum n utiitu Sjuktlct 
enlarged froiiJ a head of Sotuhmn The 
o\ incf< art truiisforruod into long fl ink 
shajHid aich from Bhts of which the 
sporoB are emerging i* a bLiclc powder 
^ natural bt/e (\ Tulituf del ) 



Fii \i> > —VMUapo n ! into Otrmin 
atiiig .ind Bjirouting lonidw fnun a 
(ultuRtioii in ]iluni gelatine (\ 1ulH.uf 
dtl) 


whitish coat, vhicli is easily torn, and, when the spores lia\(‘ 
escaped, a columella will be found to occujjy the centre of the 
smut-mass. The stamens may also become filled with sjiores, 
and be externally more or less irrecognizable. As a rule, all the 
flowers of a head are smutty; if any escapi*, they remain more 
or less rudimentary.” 

The spores, according to llrefeld, germinate onhj in nutritne 
solutions. They produce a four-celled promycelium, on which 
few conidia are formed. 

Ust. sacchari liabh. Dust-brand of cane sugar. This fungus 
injures the stems and heads of Saerharvm officimk, S. cghudncim, 
and S. Ermnthi in Italy, Africa, and Java. 

Ust. sacchari-ciliaris Bref. occurs on S(uxharum eihmr near 
Calcutta. 

Ust. avenae (Pers.). The smut or brand of the oat occurs 
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very frequently on Avem sahva, also on A mm orientalis, 
A. fatm, and A. strujosa in Europe and North America. So 
common is it that one seldom sees a field of oats free from the 
black smutted ears (Eig. 15G). 

All parts of the flower are attacked, the ovary, stamens, 
glumes, and even the awns. The grains become filled with 
the black spore-powdei, which shows through the transparent 



Fi(. I'lt. - I Mild'jn aininc. The Oit smut on Avena saliva (v. Tubeuf phot ) 


membrane of the ovary wall. The diseased ears emerge from 
their enclosing leaf-sheaths, and become exposed to wind and 
rain, under the eflects of which the delicate meiubrane soon 
becomes ruptured and the spores are blown or washed away, 
till only the axes of the spikelet are left with a few ragged 
remains of the flower. As a rule every shoot of a plant and 
all the grains of an car are attacked ; if single grains do escape, 
they remain poorly developed. 

The spores (5-8iu) have a smooth or slightly granular coat, and 
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letam their capacity for germination for years In water they 
germinate immediately, and produce a single (rarely two) proni} - 
celium consfking of four or five cells, from the ends or partition- 
walls of which oblong conidia continue to be abjomted foi about 
two days The cells of promycelia ma;y become connected with 
one another by lateral branchlets Delicate germ-tubes are 
gn en off by the proraycelial cells, bj the coiiidia, or by secondar> 
conidia In iuitriti\e solutions, on the other hand, the spore‘s 
germinate much more vigorous!}, the promycelium is strongei 
the conidia are continuously abjomted from little sterigniata 
and go on sprouting in a yeast- like manner till, on exhaustion of 
the nutriment, the} germinate to form vigorous m}celial filaments 
The fusion of the cells of promyielia never takes place in nutritive 
solutions 

The infection of oat-plants takes jdace on the soil b} mtans of 
the germ-tubes produced from the conidia jironivcelia or spoies’ 
These infect the first leaf-sheath — that one which on geiinination 
emerges from the lujitured seed-coats as a whitish or vellowish 
gieen shining shoot, and continues to grow as a shar})-]>oinUd 
cylinder till, pieiced b} the first green leaf it dries uji In 
d6 to 48 houis after infection in}telial threads wen fouiui 
to hive pierced the epideimal walls .ind to have branched ficch 
in the tissues The lu} celium grows from the k.if sheath into 
the first green leaf, passes straight through it into the stcoml, 
and so on till it reaches the haulm or stem The voung 
lU} celium grows steadil} onwards, and the plasma of cddci 
hvphae passes over into it In this wa} the fungus kec])s 
pace with the host-plant, exhibiting externall} no s>m])loin 
of its presence till the flowers are rc^ached where the chlam}cio 
spores are formed 

Steiilization of seed-coiu b} Jensen’s hot-water inetliocl is 
strongly recommended'^ In America, steeps containing jiotassium 
sulphide, copper sulphate, or hme are also used As preventive 
against infection, late sowing is advisable This is fcuiiidtd on 
Brefelcl s investigations, in which he found that oat-smut germin 

^ Wolf, Der Brawl (Bm Oetretden, 1874 

.(According to Kuhn, and in Brefeld s infettioiiK (Heft xi , 1895), the inujonty 
of the germinating conidia aic stud to penetrate into tlie young shoot axis 

“Treatment of Smuts of Oats and Wheat U S Df/tar(miaf of AyrtcttlfvH 
Farmers Bulletin No 5 1892, “Gran smuts and tlieir prevention,' Ytaihook 
of U »S Dept of A<iricnUure, 1894 
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ated best at 10 C, and not so well above 15 C This 
conclusion is supported by experiments of Kellermann and 
Swingle Neither these investigators nor Jensen however, agree 



Fir 1 —IH I 10 1H. en o\ A i) e all e i Utv (Oat grm) The (frains 
u e traiiaf rmed iiit bl lek sm it m vsaes the api e irance of the infected n{ ikekts 
is pute distinct from that of the healthy one to the right (i Tubenf l h t ) 


With Brefeld’s Mew tliat the fungus is introduced into fields 
with fresh fanny aid manure 

Kellermann and Swingle hatt found a smut on oats m Anienca whuh 
they distinguish as lJi>t avenue vm lexis 

Ust Kolleti Wille This is another species of oat smut leieutl} dis 
tmguished , it has smooth spores, and is said to cause e\en gi eater damage 
than Ust aienac 
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Ust. perennans Rostr.^ This smut or dust-hrand occurs 
frequently in the liowers of Arrhenathei'wm elaiiiii (Fig. 157). 
The mycelium perennates in the rhizome. 

All Ustilago nearly allied 
to the preceding one occurs 
also on Festuca pratcnsia, 
Loliim prrennc, and other 
grasses. 

The Smut of Barley. 
There are really two species 
of thfilnjfo found on barley, 
Ust. hordd and Ust. nuda. 
Ust. hordei (IVrs.) {Us(. 
Jiusmi Kostr.) (Britain and U.8. Americii). This has black 
spherical spores (6*5 to 7'5/x in diameter), which germinat(^ 
and give off conidia from a proni5xeliuui. The siukelets gene- 
rally remain enclosed in their coverings. Treatment of .‘leed- 
corn with a half per cent, copper steep is a certain remedy. 

Ust. nuda (dens.) (U.S. America). In ears diseased l>y tliis 
smut the epidermis of the glumes is early lost, so that the 
spore-powder lies freely exposed when the ears emerge fiom 
the leaf-sheath. The spores on germination gi\e oil a lour- 
celled promycelium, which however produces no conidia, but 
develops directly to a septate mycelium. The spores are 
.^mooth-coated and oval (.5-7^ long and broad); they 

are matured and set free at the flowering season of the baric}, 
and probably infect seedlings in spring. The spores of this 
smut are very resistant against treatment with copper Kt(*ep-., 
and it is recommended to soften the Itarley for several hours 
m cold water before applying Jenson’s method. 

Ust. tritici (IVrs.) (Britain and U.S. Ameriwi). Wlieal -brand. 
The spores are developed in the ovary of the wheat, and are 
iJack with a tinge of olive-green. On germination they im- 
mediately form a non-septate mycelium (Fig. 100). 

Henning 2 has described spore-cushion h on the leaves and leaf-sheaths of 
Triticiiifi oulgare in Upj)er Eg}jjt. 

Ust. buUata Berk, on TrxUutm ortcntah in Turkestan. 



‘Rostrup, (Jiftitwjiutae iJanmt, 1890. 

2 Henning, Zeitachrift /. FJlanzenkraitkheiteii, 1894 
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Ust. seOftlis Rabenh. Rye-brand. This occurs but rarely, 
and destroys only the grain. 

TJit, panici-miliacei (Pers.) {Dst, destruens Duby). Smut 
ot Millet This smut occurs on the flowers of Pamcum miha- 



—rsiilaao hotihi liirKv ^uutou Houleumdiitichum. (^ Tubcuf phot ) 


eeum, F. clMrtagi.nieii'^, and P. Cnis-galh in Italy, France, 
Germany, and North America. Sometimes it is very abundant 
and causes great damage. The mycelium makes its way into 
young plants and grows upwards with them, penetrating every 
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shoot. Spores are developed only in the inflorescence, which 
m consequence fails to reach its |ull development as a panicle, 
and remains- more or less spike-fike and enclosed in a leaf- 
sheath. The parts of the inflorescence become completely filled 



Fkj 160 — tntiCi l^hoat-amut lli© eontral ear !■ nomml Mid 

healthy, the others are smutted and most of the stxjres ore alrmdv shwi 
(v, Tubeuf phot ) 

With a sporogenous mycelium from which arise the spore- masses , 
these are at first enclosed m whitish coverings consisting of 
tissues of the host-plant, but when mature they escape as a black 
dust or powder 
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The spores are smooth-coated and spherical or elliptical, 9-12/4 
long, and 8-10/4 broad. According to Brefeld, they germinate 
in two or three days in water, and produce promycelia with four 
or five cells ; the cells may either bud out directly and become 
hyphae, or do so after previous fusion. 

Spores placed in nutritive solutions germinate in about thiee 
days, and produce several strong septate promycelia with spindle- 
shaped conidia. The conidia as a rule germinate directly into 
branching hyphae ; fusion of conidia is not known, and secondary 
conidia are only rarely formed. The hyphae become septate 
in their older parts, and produce conidia in two ways, firstly, 
from hyphae in the solution itself; secondly, from aerial hyphal 
branches which rise out of tlie solution and give off conidia 
ill a manner similar to mould-fungi. 

Brefeld states that infection takes place by means of the 
germinating conidia. Only resting-spores are produced on the 
plant itself, and these retain their capacity for germination 
for years. 

Ust. Rabenhorstiana KuhiO (IJ.S. America). This is found 
on Panicum miliaceiim, P. ylahrim, P. limarc, and P. sanguincde. 
It destroys flowers, ears, and upper part of haulms. The spores 
are brown and spiny ; they germinate, but do not produce 
conidia. 

Ust. sphaerogena Burrill. An American species causing 
distortion of the spikelets of Pnnictim Cna-yalli. The malforma- 
tions resemble those produced on the same host by Tolyposporium 
hiillatum, but differ in having a rough surface with short rigid 
hairs. The spores are free and germinate easily in water, 
producing promycelia which give off conidia. The conidia 
frequently sjirout for a time in a yeast-like maimer. 

The following are Aiiiericaii species : 

Ust. diplospora Ell et Ev. On Panicum sangninale. 

Ust. trichophora Lk. On Panicum colinum. 

Ust. setariae Eabh. On Panicum sanguinale ; probably identical with 
Ust. liahenhorstiana. 

Ust. panici-leucophaei Bref. On Panicum leucopJiaeum in Rio de Janeiro. 

Ust. digitariae Kze occurs on * the flowers of Panicim 
(JDigitaria) savgtdmk, P. glabrum, ami P. npois. The spores 
are smooth-walled. 


Kuhn, Hedioigittf 1876, 
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Ust.’^ panici-f^ruiliBiltacei Bref.^ is found on Famctim f rumen- 
lacetirh, a cultiVa^d Himalayan millet. Only isolated grains 
in an ear ^are attadked, becoming enlarged to twice their 
normal size. Germination of spores takes place sparingly m 
water, but abundantly in nutritive solutions. Two-celled promy- 
celia Jire produced bearing numerous sprouting conidia. On 
exhaustion of nutrition, the conidia give off one or two filaments 
on the surface of the liquid, and from these othei sprouting 
conidia arise. 

Ust. Crameri Korn, completely destroys the ovaries of Sifariu 
ifalica, S, viruhs, and S. amlmjua, leaving only the outei wall 
as .111 enclosure for the spore-powder. The spores are blown, 
smooth-walled, Jind 6-9^ broad, 10-12n long. The pioni}celi.i 
consist of four or five cells, winch in w'ater as well as nutiitne 
solutions grow out into long threads without producing toindia 

Ust neglecta Xiessl fills wnth its black spore-powdei the 
ovaries of Scfarw glauca, S vertinJJata, and S virvhs The 
cells of the prornycelium develop into a niycehum without pio- 
duction of conidia. 

Ust. Kolaczekii Kuliii On Sitarta qenutdatd in Berlin liotaiiic G.aideii 

Ust bromivora Fisch. (Biit.ain .ind US. Anieiiea) This 
appears m flowers of species ot Ilmmus, so that the o\aiies 
become hlled with a dark-biown oi black spore-powder, bm 
the glumes or he<ids undeigo no defonnution The spores die 
smooth, and on gernnnation in water piodnce only a spindle- 
shaped one-celled (rarely two-celled) juoniycelium ; in iiutritne 
solutions, Brefeld lound they generally piodnced two-ielled 
promycelia, bearing conidia from which .ire produced lurthei 
promycelia with conidia yeast-like colonies are ne\er foiined 

Ust. ischaemi Fuck attacks Amlnquujon Ischa<mu7u 'Die 
mdorescencea remain almost completely encloBod in the iqijai- 
most leaf-sheath, and are deslio}ed except their axes Tin 
spores are brown and sinooth-w ailed Brefeld states th.it in 
nutritive solutions they prodiue conidia which remain adheriuil 
to the promyceliuiii and grow out into long hyphae without 
coalescing. 

Ust. andropogonis-tuberculati Bref (uj AndrojxMjon tultercidatiim 
Simla 

Ust. andropogonis-annulati Bref. on Androjpogon anrmlntum from ('nk utta 
‘ Brefeld, , Heft xn , 18 tr) 
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Ust. grandi'S Fries. Eeed-smut. (Britain.) This frequents the 
haulms ot Fhragmites communis (also Typha latifolia and T. 
minor ) ; the internodes of the host in consequence swell out 
and appear as if the stem carried one or more bulrush-heads. 
The mycelium peirneates the whole host-tissue and produces 
s])ores, which escai)e as a black dust on rupture of the epidermis. 
According to Kuhn, the spores are capable of immediate ger- 
mination and retain their vitality for a whole year. A 
four-celled prornyceliuin is produced and becomes detached from 
the spore ; then follows an abj unction of oblong conidia from 
the septa of the prornyceliuin. In nutritive solutions, Brefeld 
found that germination took place in the same way, but more 
rapidly and vigorously. Numerous conidia are produced, but 
these only rarely give off secondary conidia, and then only a 
single om* , more commonly they produce promycelia, as the 
spores did, and conidia again arise from tliese ; yeast-like 
sprouting does not occur. The lesting-spores may continue 
to give off promycelia in succession for some time. On ex- 
haustion of nutrition the cells of the promycelium, as well 
as the conidia, develop into mycelial threads, to which alone 
IJrefeld ascribes the capacity for infection. 

Ust. longissima (Sow.) (liritain and l\S. America). This 
forms elongated brown spore-patches on the leaves of various 
species of Glyccna. Brefeld states that the smooth spherical 
spores germinate in water, and give off a short unicellular 
})romyceliu!u which undergoes no further development. In 
nutritive solutions the i&pores germinate in like manner, but 
the promycelium becomes thread-like and septate, and gives 
off conidia laterally ; new promycelia continue to be given 
oil' from a cell whicli remains behind inside the spore, and the 
conidia ultimately develop into hyphae. 

Ust. h3rpodytes (Schlecht). This species forms dark smutty 
coatings on haulms and leaf-sheaths of Gh/vcria fuitam, Dip- 
hichiiis fusca, Agnpyrim ripens, Calamagrostis epigea, Psamma 
arowria, Sfipa pmmta and S. capiUaris, Bromus erectm, Triticinn 
npetis and T. mdgarc, Elymns arenarim, Panicum rtpens, Phrng- 
viites communis Aramhuarin, etc. The spores are brown, 
smooth-walled, and irregularly spherical or quadrangular; they 
germinate in water or nutritive solutions, producing mycelia 
direct, without previous formation of conidia. 
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Ust i^mmica B et B is reported on haulms of Atra and Ohjcerut 
in England 

Ust ^chinata Schroet produces smut strips on leaves of Phalau'< 
<irmidina(ea (US Amer) 

Ust. cjnodontis Henn On Cpiodon Dactylon from Simla 

Ust arundinellae Bref On AnindtneUa near Calcutta 

Ust anstidae-cyanthae Bief On Aristuia cyantha from Himalaja 

Ust. coicis Bief On Cotx lairynui from Simla 

Ust esculenta Henn ^ causes defoimatiou of plants of Ztzama labfoha 
in Tonquin and Japan The deformed paits are eaten, while the spores 
aie Used for dung of haii and e;vebiowh, as i\ell as in the manufactuu 
of a caimsh 

Ust. paspalus-dilatati Henn On l\x<xpalm dilatatvx^ 

Ust. olivacea 1) C frequents species of Cam The olive- 
brown sj lore- masses hang loose and Meet} from the destro}ed 
o\cm The spoies, according to Hiefeld, are piodueed from 
long Inphae which become thickened at intervaK and broken 
up ])} cross septa into portions coiiesponding to the future 
spores The h^phae, howe\ei are not completi'h gnen up to 
spoie-foi Illation, Init jiarts remain and foim fine filaments which 
gi\e the fleet} appearance to tlie luptured oxaries (kuiniin 
tioii in watei lesults in the formation of a single conidium a 
second being rarel} formed In nutritnc solutions similai 
conidia aie pioducc'd one after another successl^el^ and sjirout 
off conidia in a }east-like inaimei withcmt the formation of juo 
m}celia On failure of nutriment, h}phae are finall} prctdiued 

Ust Vuijkii Oudem et Uejerk The o\aii(s of Luzuhi 
(ainp>biiis become filled with spoies, some eolourless, some 
light-hrown Tlie sjrores geriniiiale in water, gning four-celleHl 
prom}celia with e)\oid eonidia, which do not, however, ((►.de*see 
or develop further, e\en in iiutriti\e soliilions 

Ust. capensis Bets In fimt of Juittm 

Ust. luzulae .>att In fiiiit (»f Ln.uht 

Ust. SCablOSae (how )- {Ust Jloscalannn Tul ) (Britain ) Tht 
anthers of Knatdia and Sifdxim attacke*d b} this fungus b(‘come 
filled with a fiesh-colouied to violet spore-powder, and swell 
to little sacs The flowers otlierwise are hut little alterenl 
Brefeld found that spores fiom Kmuiia annisLs germinale 
easily and abundantly in water, and produce promytelia con- 

'P Hennings, IJedwiyia, IsaT, Miyul^e, 7'oAio Hotamcal Magazm , 189.") 

^Fiachei \ Waldhenn, Hot Zeituwj, 1867 
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sisting of three or four cells with conidia, and sometimes 
secondary conidia. Coalescence of conidia may take place, and 
thereafter production of little mycelial threads. In nutritive 
solutions everything proceeds more luxuriantly, and conidia are 
produced in large numbers; they are easil} detached and sprout 



1 If 1()1 —iatilmo ti acfopoffo}m Plants of l^ayopogon ni flower and frurt— 
1 fruit 2 and J normal flowers, 4, two normal flower bndw Tin. 

leiunniuif specimens irt ittickcd by the fungus, and, in consequence, remain 
in the hud ei ndition and tilled with blick spores which escape bj the opening of 
the involucre (v Tubeuf phot ) 


yeast-like, till, on deficiency ol nutrition, fusion and subsequent 
germination takes pl<ice 

Ust. intermedia Schroet. {Vd. Jloseulorum ll C.) (Britain) 
The anthers of Scaliosa Colimhana become filled with the dark 
violet spores of this smut. The spores germinate in water, 
and, according to Brefeld, produce three-celled promycelia with 
few conidia , some of these, as well as the cells of the promy- 
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celia, may develop to mycelia, coalescence of comdia is unknown 
In nutntive solutions conidia are formed in large numbers, and 
multiply yeast-like till nutriment fails 

Ust SUCCisae Magn ^ fiequents the anthers of Scdbwsa Succma, 
and forms pure white spores, easily tlistinguished from those 
of the two preceding species The anthers appear to lx* thickl} 
covered with glassy granules The spores produce foui -celled 
piomycelia from which conidia are formed (Britain) 

Ust tragopogonis (Pers ) (Britain) 
This fungus forms its spores m flowers 
of species of Ttatfopotfon, and in man} 
localities has a wide distribution 
The development of the flower is 
retarded, so that it retains extirnall} 
the appeaiance of ,i fIo\vei-])ud en- 
closed in its hidcts (Fig 101) Thi 
dark brown oi violet s])oies iscape 
through intervals between tin bracts 

ri — L stilaao traoopogoni* ^ 

Development of sports sutoessnt they an 11-17/U loiig 10-1 'm broad 

htigos of development in order < f ' ^ 

tilt letters a Sporogeuous brnncli with rCtlCUlatC markings Oil tlltjl 

just appearing on the svirfsitt of ^ 

\oung oorclla of T apopogon p i COatS I lieV Cd^llv ]»roduC( 111 WdltT 
t aii$ and Ittginnmg t( fjrui i tuft *"11 

ofbranchltte / an i c F onnation of fo^r Ot hvi Celled lironiVCtlll llOlll 
slwrts from the inyteliurn I Spore i ^ 

tlump with stveral ni>c siwres the W hicll COllldld are glV Cll off ofUll 
episponum of which is col urtd 

dirk violet and thickened in i followed hv (OSlesceilCC 111 lUltlltlVe 

reticulate manutr (x 300) { Vfttr * 

otBan) solutions development is much more 

vigorous, secondaM coiiidia mav he 
produced, and coalescence alwa}s takes ]>lace 

Ust scorzonerae (Alb et Schwein ) is at first sight ver) 
similar to Ust traffopocfmis Us sport are found in flovveis 
of Scorzonc/a hinndi% S( pmpnrta, and cultivated sjiei les ( q 
S( hispanica , wliile its mycelium hihernatis in the jiercnnial 
root-stocks of these The ^p(»res are jiroduced rajudl) and 
in large numbers, they germinate easil) in water, forming a 
four-celled promycelium, and theieafter conidia winch do not 
pair. 

Ust. cardui Fisch v Waldh (Britain) This is the cause 
of a stunting of the flower-heads of Cardum (u anthovdes, C. 
nutans, and Silyhum Martanuni, while at the same time the} 
become filled with a brownish-violet spore-powder The sjaires 
’ Magnus, w/ia 1K75 
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are about 20 m m diameter, and form in water jiromycelia with 
conidia. In nutntive solutions Brefeld found conidia produced 
in large numbers, and multiplying by yeast-buddiiig The 
promycelial cells grow out as septate branched twigs, from 
which conidia are abjomted, and after coalescing in pairs, produce 
germ -tubes 

Ust. violacea (Pers)^ Cam ati on-smut (Britain and US 
America) In Sileiu, Visiuna, Sajtonaiia, Dunitlivs, Sfrllaria 

Maladaum, Cna'^him, .iiid Lijehnis, the pollen sacs ol other- 
wise well-developed flowers become filled with daik-violet 
spores, which escape and discolour the othei floial parts 

Pistillate flowers of Lyclnm attacked by thi'^ fungus develop 

stamens containing the smut-spores (p 27) On germination 
111 water, promycelia of three or four cells are formed, and 
become detached from tlie spores Pnmar} and even secondary 
conidia are produced, while coalescence of promycelial cells and 
conidia is common , but onl} a few of them produce germ- 
tiibes In nutritive solution, according to Brefeld, e\er\ thing 
proceeds much more vigorously, from tinj conidiopliores on the 
promycelia numerous conidia aie produced in succession and 
from these other conidia are budded off like yeast-cells till 
nutriment fails, when they grow out to foim hyphae The 

conidia are longer than those foirned in the water-cultures, 
.ind coalesce in pairs to give rise to longer and stionger 
gei m-tubes 

Ust holostei I)e Bar\ od H >Joi>teuin amhellatum The lu)st ovaries 
hetonie filled with spoies wlmh gtnuiuate to four celled pionivceha from 
which pairing sporidia aie formed 

Ust Dunaeana Tul In the ovaiy of Ctrastuim 

Ust major Schroet On JSihiu Otitts The spoies geiminate rmlv in 
nntiitive v»lutioii« (Biitain ) 

Ust seminura Jnel In the ovnleb of Aiabu pptraea in Scandinavia 
Tlu spores on germination pioduce simple hyphae 

Ust entorrhiza bchroet In loot-cells of Pimm satnnm 

Ust. pinguicolae Bostr On PinAjmcula vnhjarih in Denmark 
According to Brefeld, the spores germinate equally in water or 
nutritive solutions, forming tliiee-celled promycelia, which separate 
from the spore and bud otf conidia fiom each cell 

* Tulasne, Aun d siumt'i natin , Ser iii , Vol \ii , 1847 
Atkinson (Amtrtrau Carnation Socuty, 1893), describes this and other smuts 
frequenting American Carnations (Edit ) 
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Ust. betonicae Beck.^ occurs in the anthers of Bdomca 
Alopecunt^ Its spores are larger than those of Ust. riolaaa, 
and have larger-meshed reticulations on the spore- coat The 

spores germinate in water, and as a rule produce a three-celled 
piomycelium from which conidia are abjointed. These at once, 
or after production of conidia, coalesce in pairs and give ofi germ- 
tubes. In nutritive solutions germination takes place much 
more vigorously, numerous conidia are formed and continue to 
bud off new conidia till the nutriment is exhausted, ^vhen 
coalescence of conidia and development of h} phae takes place 
Ust. bistortarum I) C frequents leaves of Polt/f/tnnnn and 
Binnc^i. (Britain and US Aineiica.) Biefeld states that the 
spores are dark-red and germinate to four-celled jiroiuM'elin, 
from which conidia are produced and readily coalesce, es}>ecialh 
m presence of abundant nutriment 

Ust. marginalis (Lk ) on Poh/fionum Jitdorta The spure-masses 
are dark -violet, and occui chietl} on tlie margin's ol the lea\es 
The spores germinate in water and j)roduce a lour-cellcd juoni}- 
celium with oval conidia, whicli do not sjuout, but eitliei pan 
or grow out as hypliae 

Ust anomaia Kuii/e On lea\ebaud in (I Aintiua 

Ust. utriculosa (Nees' In ovaries and antlieis df Pohinounm Tli* 
grevidi Molet spores, Biefeld ha's, gerinmatt dunng the follctuing suiniin i, 
and gne otf four relied jnonivcelia with (oiJi<iia whidi do not coalesie in 
pail's Bi lUin and V S Ainei ita ) 

Ust Parlatorei Fihdi On twigs and leaves < if Iham > wiritniHix ,\\m\ // 
ohttfg/fdius 

Ust Kuhneana Wolf Inhabits all jiarts of Ittouf > Aafajut and H Auf > 
sella (Britain) 

Ust. Goeppertiana Srhroet On Jtimur A(e(osa, esjiecialh in leaves and 
leaf-petiole.s The spoies gernmiate in water oi nutiitin solution. Tin 
proniv celiuiu IS miicellulai and renmiiis inside thi spoie, giving oif a single 
conidiuin, which foi a tirue l)u<ls<jff othei comdiM(fVr olumca alone behaves 
in this same wav ) 

Ust Molleri Bref On Polifqomtm htsjndum 
Ust. Koordersiana Bref On Volyqoamn htrintum in Java 
Ust domestica Bref On Hamex domesticm m Norwav 
Ust vinosa (Berk.) On fruits of 0/?/na (Britain and U S Amenta) The 
sjrores germinate in water or nutritive KotutioiiH, and produce a four-celled 
promycehum from which conidia are given off, esjreciall} in imtntne 
solutions ; the conidia ultimately produce germ -tubes 


Zooloq.-ltotan^ Ot^dl , Vienna, 1880 
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Ust. Vaillantii TuP appears m the anthers and ovaries of 
Guyea, Scilla, Miincan, etc The perianth of diseased flowers 
remains, but is somewhat enlarged The ovaries and anthers 
become filled with spores , the latter organs are, however, full} 
developed and may even contain pollen-grams mixed with spores 
According to Brefeld, the spores germinate easily in water and in 
nutiitive solution A prom}celium is formed which after detach- 
ment fiom the spore, becomes three-celled and develops conidia 
These sprout for some time, then produce three-celled prom}celia 

Ust ornithogali (Stlim et Kze) foims leif sw tilings on Ormthoqahim and 
Oaqea 

Ust tulipae (Heufl ) products swellings on the leavts of tlu tulip 
Ust plumbea liosti oecuis on lea^es of Irr/w in iXnmark 

Ust ficuum lit It b In the flints of /'icits (a)ua in Asia Minoi 
Ust Trabutiana Sacc In benies of D/acaei/a l)ia<o in Algeiia 

Ust Vrieseana Vuill- In the Botanic Garden at Amster- 
dam, the roots of several species of Einalyfiuh exhibited woodv 
tumours from which proceeded outgrowths resembling “witclns’ 
liiooms” These contained the mvcelium of an Usiilayo which 
produced spores in the cortical tissues 

Ust G) adoxae Bitf On \doi t moMhiteUim in cells of the subtenant in 
stem Tilt spous juuduetd onli simple hlaments without conidn 
Ust. Lagerheimu Bicf On limne t from Quito 
Ust Schwemfurthiana Thum On Impoata cylindma fiom Cano 
Ust boutelouae humihs Bief On Boutdov t hitnults fiom Quit 
Ust Ulei Htnn On C/dow^ 

Ust spinificis Liidw On Spunfi > husuto fiom Adelaide, Austialia 

Ust. Treubii Solms'^ This Javanese fuiious and the galls 
juoduced b} it deserve a somewhat lengthened notice on account 
of then geneial biological interest It causes a h}pertrophy on 
Polygonum dnunist in Java which furthei exemplifies the 
phenomena alread} noticed m connection with Cavomo difoiinaiis 
on Thujopsi^ (p 30) 

The stems at attacked jilaces show strong h}peitroph} and 
great change in then anatomical structure. Solms designates 
the thickenings in common with those caused by Cacoma 

^lulasnc, Am d natiir , Ser in , Vol \ii , 1847, with plates of Mus<aii 

Worth G Smith {Qaidum s Chioni U x\ , 1894, p 463), gnes a faguie 
and note on occurrence of this smut in Britain (Edit ) 

* V^uilleimn, Compt tend., 1894 

‘Solms, Amial du jatdiu loian de Bmfenzofq, Vol vi 1886 87, p 79 
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(hformans and Piiideimvum datinum, as “vegetative canker- 
galls” Og those places are crowded fleshy brittle outgrowths, 
consisting of an irregular bent club-like stalk, lougitudinall) 
furrowed, and expanded at its uppei extremity into a broadened 
head containing the UsHayo spores Solms calls these out- 
giowths “ fruiting galls,” ^ and he describes them as follows 
' if one of these protuberances be divided, the spore deposit will 
be found as a flattened violet lajer, extending to the margins 
ot the head and loofed in by a slight plate of tissue This 
last becomes ruptured, shinelled and blown The \iolet 
spoies are thus set free, along with a loose wooll} capillitiuiii- 
tissue, which appaienth facilitates distiibution ot the spores 
])} lendermg them diflicult to moisten, a contingency \er\ 
likely to happen in the heav}- tiopiuil lains of dtua and with 
the result that gemination would occui befoie the spores had 
time to be tiaiispoited to a new host After shedding of tin 
spoies, the succulent stalk remains The fruit-galls consist oi 
a In ])ertrophied tissue developed fiom the cambium they hist 
emeige as roundish naked protuberances, coveied externally b\ 
a smooth epideimis, and containing a meiistem tioiii which 
hbiovascular bundles are dtvelojied The galls are comjiosed 
of a homogenous paieiichyma of laige thiii-w ailed cells, elongated 
m the direction ol the long axis of the galls, and containing 
large cell-nuclei The epidermis consists of little polygonal, 
nucleated cells and is pierced by a few stomata The galls 
are internally permeated by a number of irregularly anangcil 
tibrovasculai bundles which show a slightly developed wood 
and bast region As the anterioi end of the fiuit-gall elongates 
the bundles keep pace by ie|>eated forkings, and foim a 
system of branches diverging at veiy acute angles and ter- 
minating a short distance fiom the surface of the gall The 
violet-biown sporogenous layer is situated )ust at the termination 
of the bundles, and is coveied by a slight layer of jiareudiyma 
under the epidermis The sporogenous layei ajipeais as it 
composed of columns arranged beside one anotliei in a palisade 
manner, and connected above and below witli the enclosing 
tissues. At the margins of a section the columns easily sepaiate, 
and will be seen to consist ot a central strand of elongated 
cylindrical cells filled with a reddish gum-hke mass The cells 

^ 1 nichtgallen 
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belong to the tissue ot the Poly(fom(m and lud} form simple 
filaments, or several such filaments ma} become bound togethei 
by lateral connections Each strand becomes surrounded by 
spores of the Usfilago which are set free on rupture of tlu‘ 
fruit-gall, while the cell-strands laterally bound to each other 
are loosened from the surrounding tissue as the capilhtium 
“ The spores germinate in water, producing short unicellulai 
promycelia and fairly large conidia, which coalesce befoie the} 
germinate The mycelium is confined to a small part of the 
stem, twigs, or infiorescences of the host-plant The h}pei 
trophied parts of the stem contain ahnoriiial spong} wood 
which easil} decomjioses and brings about the death of the 
galls along with parts of the stem situated he}ond them, or 
even the whole plant The normal ])ioduction of cambium is 
completel} dcstro}ed in the galls The pith and piimar} rind 
liowever, leinam uninfluenced The canilaum produces both 
outwards and inwards, such a mass of thin-walled pareiichMii i 
that the normal bast is forced asuncUr and disarranged In 
this way ruptiue of the scleiench}ma-la}er ensues, whereb} the 
primary rind is d(stro}td and the abnormal tisane formed In 
the cambium emeiges to view It is fiom such places tliat 
the excrescences desciibed ha\e their oiigin’ 

It will be seen we liave heie the paitners of a S}inbiosis 
heconimg so adapted to each other that the host- plant produces 
a special tissue for the disti ibiition of the spores This case 
goes fuithei thin most ot those alF-*ad} mentioned in ^ 3 
hut the bushes produced In C(uom(( (hfoinutns for the formation 
of Its spores are again a distinct adcance on the ‘ tiiiit-galls 
of this Vstihiqo 


Cintractia 

b})ore-massfcs developed inside a stioma and passing outwards 
so tli.it the mature black spoies he freel} exposed 

Magnus’ has iteeiith sqtai ited Ustilaqo cai and U sithinclwn 

Korn , and pi iced them undci this t,enus, because tlieii spoies are develojted 
only in the tjuderniil ct 11s of the liost o\ai\ 

Cintractia caricis (I’ers (Britain and U.S. America) Tlie 

’Cornu AnvaJ d natui Str M , Vol \c , 1883 Plate X\ 

Magnus, /ioCaw \trtiiid Prov Brandenhii q, Brefeld, ^chtmmetpthy 

Heft XII , 1895 
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mycelium forms a stroma on the ovary-wall ; there the 
spores originate and pass out to the penphery as they attain 
^ maturity. The spores adhere in black 

4, masses, and germinate in water in the 

following spring. A promycelium is pro- 
duced, and on emerging into the air 
becomes divided by means of a cross- 
septum towards its apex , from both 
cells so formed conidia are developed 
and glow out into germ-tu])es without 
previous sprouting This species occurs 
on many species of Cain, and the 
mycelium perennates in tlie rhizomes 
The spores vary somewhat on the 
different hosts 

C. subinclusa (Korn ) (T.S America). 
The spoies form coal-black masses in llie 
o\aiies of many species of Caro The> 
de^elop on a stioma from within out- 
wards, and aie more easily detached than 
those of r lavHis, their coat-markings 
also take th<* form of thicker and shoilei 
piocesse's On germination in watei 
after a lesting period, the spores produce 
two-celled luonncelia from the <ipical 
cell of whicli an ovoid conidium is 
abjomted, while from the lower cell a lateral conidiophore is 
produced Numerous conidia aie given off from both tells, and 
grow out without jnevious sprouting. 


Fi< hi3 hihoctui cartca 
Two <p\ inch h^^e been replatid 
bj bl K k spbent il funtfUH irint*i , 
in iioUtod not mil tnan^uhir 
ovarj 18 bhown in lonjritudinal 
and croib section (\ Tubcuf 
deL) 


C 0 norghi {EmIothlagpi$ sot gin) Soi The imteliuiii en\ elopes tin giain of 
Sorghum (rinuum, and hlh it ^\Ith black h|K>re niiKsen It liax onl\ het n 
observed in Asia, 

Other species of Cintractia otcm outHide of Eiiiope, hut aie of no 
practical importance. 


Sphacelotheca. 

The sporocarp is sharply dehned, and consists of a columella 
round which the loose mass of spores is disposed, the whole being 
enclosed in a covering formed by non-sporogenous hyphae 

Sphacelotheca hydropiperis (Sebum.). l)e Bary describes 



sphaOelotheca. 


303 


this fuixgus as follows : ^ “ Sphacelotheca forms its compound 

sporophore in the ovule of its host. When the ovule is normally 
and fully developed in the young flower, the parasite, which 
always grows through the flower-stalk into the place of insertion 
of the ovary, sends its hyphae from the funiculus into the ovule, 
where they rise higher and higher and surround and penetrate 
its tissue to such an extent as 
almost entirely supplant it, and 
thus an ovoid fungus-hody of 
densely interwoven hyphae takes 
the place of tlie ovule. The 
micropylar end of the integu- 
ments alone escapes the change, 
and remains as a conical tip 
(Fig. 164 (/) on the apex of the 
fungus-body and gradually turns 
brown and dries up. The fungus- 
body is at first colourless and 
uniformly composed of much- 
branched hyphae, which are 
wov('n together into a compact 
mass and have the gelatinous 
walls of the simple sporophore of 
U^f lingo to be described below. 

If it has retained its ovoid 
form as it steadily increased 
in volume, differentiation begins 
first in the apical region into a 
comparatively thick outer wall 
which is closed all round, an 
axile columnar cylindrical or 
club-shaped body, the columella, 
both parts remaining colourless, and a dense spore-mass which 
fills the s})ace between the two and becomes of a dark violet 
colour (Fig. 164 C, I)). The lower part which corresponds to 
the funiculus and chalaza of the ovule remains undifferentiated, 
and an abundant formation of new hyphae is constantly taking 
place in it. This new formation is so added from below to 
the differentiated portion, that the latter constantly increases 
’ De Bary, Morpholoijy and Biology of the Fungi, English Edition, p. 173. 



Fkj 1*4 — 6/>hacclothica InnOopipo ta lu the 
flower of Pol i/<ionu)ii Hydropipei ■ A, Ripe 
compoiiud sporophore of the fungus project- 
ing fiom the perunth of the Polyrionuw 
Ji, Tlie same, with the mass of spores enierg 
ing from the sporophore. C, Median loiigi- 
tudui.il section through a young fructifica- 
tion and its enviroument D, Longitudinal 
section through an older sporophore c, The 
columella p. The perianth f, The wall of 
the ovary, o, The integuinent (micropyle) of 
the ovule </, The stjle In C and 1) the 
sterile or j-oung tissue of the fungus i-. 
shaded by longitudinal lines, the mass of 
ripening spores is darker Further explana- 
tion in the text (Slightly magnified ) 
(After De ^ry.) 
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in height without becoming materially broader, and maintains 
therefore the form of a c} Under pointed at the upper eiul 
Where the parts below approach the wall, columella, and spore- 
mass, they fissume then structure and colour In other words 
^ch of the three portions grows from its base by addition of 
new tissue-elements, which are constantl} being produced and 
pushed onwards from a basal formative tissue, and are differen- 
tiated and assume their ultimate form in the order in which 
the} are produced (Iig 104, C and B) The developmtnt 
and mature structure of the spore-mass are the same as those 
of Uslilago, which will be described presen tl} The wall in 
its full} de\ eloped state is a thick coat foinied of man} iriegulai 
la}eis of small round cells not \tr} hrml} united togethei 
These cells ai( formed in the samt. wa} as the spoies from 

tlie Injihae of the primar\ tissue, and are of about the same 

size as the spores with a delicaU colourless memlirane ind 

for the mo^t part with water} h} aline contents The columella 
has the stiucture of tin wall but it usualh incloses in its tissm 
eMdeiit brownish fragments of the tissue of the owile ami 

consists at its iip]>ermost extiemit} of much largei firrnci 
h} aline cells the (»rigin of which I tin unable to ixjdam I 
may aKo obsenc tint the upper extremiti in \oung specimen'^ 
alwais ends blindh in the sjtoie-mass {(^) but in some older 
ones redchts to the apical poition of the wall and pisses into 
It (B), It IS still unecitain whether this is a diikiemc in tin 
inehvidual plants or a differenee of age 

The spoie-reccjitaele whieli has now lieen described is formed 
onl} from the omiIc The pe ninth and stamens of the flower 
continue m their normal state The wall of the o\an <ind the 
style are also not attacked b} tlie fungus, the} do not follow the 
growth of the s])orc leceptaele, «ind as this ad\ antes the latei.d 
wall IS distended and at length bursts transversel} the st}h 
with the upper peirtioii of the wall dries up into a small jeoiiit 
at the apex of tlie recej4acle, which is borne b} the latte i a^ 
it grows out of the perianth (A) The wall of the spore - 
receptacle, especiall} where it is covere^l idiove b} the withe led 
remains of the wall of the ovary, is \er} fiagik, and teais 
asunder at the slightest touch to discharge the spores (B) ’ 
The dark-violet spores have a fineiy-warted exospore 
According to Brefeld, they germinate in water after a resting 
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period, and produce three-celled promycelia with elongated ovoid 
conidia, which sprout indefinitely. In nutritive solutions two 
or three promycelia may be produced. 


Sohizonella.^ 

The spores are produced in series on the reproductive hyphae. 
At first two-chambered by means of a cross-septum, they later 
separate into two loosely-joined cells and form twin-spores ; each 
half germinates like an Ustilago-^^rt. 

Schizonella melanogrramma (D. C.) (U.S. America). A 
species found on leaves of various species of Carcjc. The spores, 
when mature, escape by short fissures in 
the upper epidermis of the host ; they 
are black and coupled in pairs by a short 
connection. They germinate in water 
and produce a promycelium of three or 
four cells from which conidia are given 
off. In nutritive solution the promycelia 
produce conidia, which fall off and sprout 
yeast-like for a time. 

Tolyposporium. 

The sporogenous hyphae form tangled 
masses, and produce their spores firmly 
bound together in balls. The single 
spores are large, somewhat angular or 
spherical, and each germinates like a 
spore of Usillago. 

Tolysporium junci (Schroet.) causes 
the formation of gall-like outgrowths on 
the ovaries, flower-stalks, and haulms of Jmmis bufonins and 
J. capitatus. In these the spores are developed and escape as 
spore-balls. The spores, after a prolonged rest, germinate in 
water and produce four-celled promycelia, from which ovoid or 
spindle-shaped conidia are given off. In nutritive solutions many 
of the cells in each spore-ball germinate and produce promycelia, 
at first four-celled, later further divided by new septa ; the 
conidia sprout and grow on till they reach the air, where aerial 
oonidia are formed. 

^Schroeter, Biologie d. Pflamen, Bd. ii., 1877. 

u‘ 



Pto. 166. — Telypotpo) turn. /unci. 
Spore-mabs. One spore has 
fferniinated and giTen off an 
eight-celled promycehum ; gpon- 
dia are being ab]ointed in whorls. 
(After Woronin.) 
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T. bullatum Stluoel (US America) The ovaiies of Pantcuni 
Prns-qalh are tiaiisloimed Ija this fungus into spherical tumoui- 
like bodies, uhich project from the otherwise line hanged llowir 
and enclose the black spore-masses The spoie-b.ills consist of 
hundreds of spoies which, Ihefeld sajs, germinate in water in 
the following jcar Each juoduces one, two, or three two- 
celled promicelia which gi\e oil teimiiial sjiindle-shaped conidia 
these sprout in niitritne solutions and iiltimatel} toini aerial 
conidia 

T Cocconn Mdi In lta^(s of (ai(> ucniKt in Noitli Ttl]^ 

T pemcillanae Hief On /*nn< iffdi i < fioin smil.i 

T cenchn r>uf On < < » ((/tuuf/ns 

Tilletia 

.'s})oies foiimd lioni htjihai which swdl nj) in a gclatiinms 
maiinei Conulia spindle-'^haped oi tilanuntous and jnodiutd 
111 whoils tioin the e\tieniit\ of a non-septtile pioiii} t < Inini 
the\ aie de\(lo]K‘d emh in .nr and etuiei.dh lusi in jiaii'^ 
beloie liciiig detached lioin tin jn ounce hum 

Tilletia tritici (^)^clk) {'/' I fn<s Tul ) (Entain and 1 
America) '>mut stink-bi.uid oi stinking ‘'inut ol wheat 

This constitute'' one ol tin most destine ti\i smuts ol win it 
giain not onh dcstiojing tin ji.iins setudh attnlod, l>ut tin 
black Sports cau^e ‘'Uch damage to tin rtmundti, wlicn thn^lnd 
cji giound th.it It IS useless hu bit.nl nuking '1 In pUMint 
ot this lungus IS most obnoMmis liom its soong odoui ol htinim 
brine oi trinieth} lamin lienee the n.nnc stinknm smut <ii sinik 
brand The smut .iKo ]»e>'.MSsts jioi-'eineuis piojieiins which m ikt 
lleaii contaminated with it elanueieuis to hum.in Im mgs and the 
‘'tiaw eir (hall iniurious to e. title 

( citdin (hs» is( s iH )i!o(lii(t<] 111 oiMiii!'- li\ till ( oiihunijilioii of hiiiut 
fnngi with food Ilu Ofids <1 toll sjxtn'.of miiul h.t\( ina a« \ t{ luui 
clo'.dc iiotstigitid lait Tilftti ! tnlt > '.(uiisto Im ou. of tin dinf < lus* ■, 
of tiollbic Tilt folk wing .lit fllso hUs|M(lnUs i^tt! Kf* mitinUs tlid lilt 
vainms sjhcrs of wluth ittnk ••it'' h.ol(\ ulittl, oid gi O'''* ' 

The sMiiptoiiis in th« ft w t.ist'- of iIim im uliMiMel tin not ogut ^»I\ 
(1 om 1\ \ jwi.ilv/ing (flftt on tin ctntu-' of thglutition and tlic sjund 

told seems to la itgiilaih jntstnt X" a iiMilt om ^tinialh linds a 
(ontinumih the wing mo\unent of th< )aws md .i flow of njilna aU'. 
lanuiHss, htigLoJiiiL, and falliiu (atth shttp hwim and h<'is»(,un all 
liahlt to att It k 
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The black s}>ore-])ow(ler is developed as an evil*&melliii,if mass 
in the ovaries of the liost, which are completely destroyed exce])t 
tlic outer coats. As a rule every <,Tain in an efir is attacked. 
The smut is at first raly or £4reasy, but <,u'adually dries up te 
form a hard Ht^ny mass enclosed in <l\e fruit-flumes and 



1 K, I H ' • 

Sf u n, ]M, I .1 1 

\s 111 it \s 1th •'iimt nil- III ii 

l ltl.ll 1.1 Ilk 111. iv.l ift i -l>ik. 

let milt 1111*1 tw I XU lit fti Illi- 

\sllU.h i** Wi 11 »■’ 'hi 1' >1 ill 1 

CV lIllJlU 1 hIh'W tlH'' •!< " >1' 'hi 
iiil^;liiil i>\ iM " ill "'ll "liml 
Kt till til H<*vtlllll xh III- till II 

tiMiil tllkil with liluk s|iiu~, 
hut till III irv wiill xtill lilt ii t 
(\ TuIk'UI ihl ) 



1,7 I Ur I I I (, Twi M'lrcs ^;i.tunafttoil ti 

-t III l "hilt |i|iiIilMi.huiil I' kit li’I'u 1, IM'l lull' ' 

t 111 111 (s|«.ii<hi) ^tii-i il I f whuli hui. fiixi 1 11 

lu-hii.ii.fi iiiulii Ki"ii"‘i""“- uul dt\i.h>]iim.tit I 
,i,.iii\ I iiiliuiii ( I'l iKi aiiiwii a iMi. xporo 
mil iti 1 111 M iti I M ith pi .iu\ mh i M la. h tl nik' Uu nil tlu 

Itui Is tmihii whiti thm foim spmKhi, t hi 
III 111 'i)titi lint till plisiui ]'isscso\t'i into tlu 
Ills (% luhiufdil) 


11, 'lies. Till' Hinivs, llll'lH..U', ill' lll't l!'’l-'‘l«' ■ 1 .' i>«-*t "" 
tii'M, 1,1.1 vi'iiMii, ... dll' lieaik Iiiul .ire u.ini.'re.l lull, t u- coii 
Smutty I'lirs luv I'.i'il' ilishnif'klu'it "■> tlu' 
stiff orei't iKisitu.il lu'V.iras luivvi'st-timi', as cuu.ivna ivitli tliu 
more 0. less .iiHtiliim lu'.iltlii I'.i.-s • tl.e..' "<>uts also lie more 
away from llie aus of tlie ear, the chatl-olumes aie more spread 
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out, and the grains are somewhat compressed. In earlier 
stages of development the diseased ears are less easily dis- 
tinguished, but they grow more rapidly than the normal, their 
ovaries are earlier formed, and have a dark greenish-brown 
colour. According to Kuhn,^ the ears in their earlier stages, 
as they emerge from the leaf-sheath, possess abnormally thickened 
seed-coats, especially towards the apex, while in section they show 
a dark-green colour. He also found the grains to be replaced by 
a white and easily detachable mass of fine mycelium. Spores 
are formed as swellings on the ends of the sporogenous hypliae, 
and into these the plasma-contents of the hyphae pass o\'er. The 
mature spores are dark-grey and spherical, with netted markings 
on the episporium. They germinate in water, and ])roduce a 
promycelium of varying length. The conidia arise as a whorl 
of thread-like branches on the end of the promycelium, and into 
them all the protoplasm passes over, while the promycelium, 
after being cut off by a cross septum, disappears, leaving the 
conidia as isolated bodies (Fig. 107). The conidia become united 
in pairs, frequently before isolation. After fusion comes germina- 
tion, and the emission of a filament from the end (d‘ which 
sickle-shaped conidia are abjointed. Kuhn states tlmt these 
conidia, as well as the whorled primary conidia, if placed in a 
damp atmosphere, can give rise to a hypha capable of infection. 
In water, however, the hyphae continue to grow longei, the 
plasma from the older parts passing over to the younuei, and 
no conidia are formed (Fig. 167). 

The conidia which remain unpaired were found by iJrefeld to 
behave similarly to those which pair, except that the resulting 
germ-tubes and conidia remained smaller. Spores lefuse to 
germinate in nutritive solutioms. Conidia grown in water 
cultures and placed afterwards in nutritive solutions, give off 
a fine mycelium, from which short, lateral, aerial branches 
become cut ofi' by septa, and devote their contents to the pro- 
duction of a few sickle-shaped conidia ; these are easily detached, 
and produce a mycelium capable of giving off further conidia 
in a manner similar to that just described. 

The investigations of Brefeld have also given the interesting 
result that hyphae which produce conidia may also give rise 
to spore-like bodies. The hyphae, after growth in length has 

* Kuhn, Die Krankheilen d» Kvllurijewuchne, 1858. 
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ceased, begin to thicken, at first equally, then more at some 
places than others, so that they become nodose or rosary-like, 
with swellings at iriegiilar intervals The spores originate in 
the swellings, and between them are formed cross-septa which 
split «ind bnng about isolation of the spores 

Kiibii s experiments on infection are of considerable interest 
He investigated the germination of this and other smut-fungi, 
cultivating many of them in his garden at Halle, and published 
his results as early as In his artificial infections he 

dusted seedlings with spores of TilUtia^ and investigated the 
different parts of tluni microscopically Sections showed him 
that tlie gerrn-tubes penetrate direct through the walls into 
the epidermal cells, and alwa}s in the neighbourhood of the 
lowest nodes Thence the mjcelium grows upwards with the 
lengthening plant especiall} through the pith, and the plasma 
of the older nijcelium }>asses onwards into jounger parts In 
tins wav the lijphae without greatl} disturbing the growth of 
the wlmt seedlings, reach the ovaries and with the formation 
of spou^ begin the work of destruction 

Kuhn was also able to demonstrate that both germinating 
Rporidi.i <ind conidia are capable ot infection, and that, where 
manv had infected the same plant so much mjcelmm could be 
producetl that death of the host ensued According to the 
same auilioritv, the iungus attacks spring wheat more than 
wintei wheal and the eommoii foims (Tnticum '^afuum and 
2' with nearh allied varieties, more than ‘spelt 

{Tutu dill sjiilta) 

As I ])ieventivt imasure ag.iinst TiUitia the expeiirnents of 
Kelleimann, Swingle Kiiehnei and others, lead them to recom- 
mend densen’s method ot placing the seed in hot water immedi- 
atelv before sowing (Se'e (hap VI) 

Tllletia laevis Kuhn (I America ) This is another stink- 
ing smut of wheat similar to T tutui except that its spores 
have peufe^etl} smooth coats 

T. controversa Kuhn Found in giains of Tutu urn upuis 
(couch glass) as well as T) uihjan and Tr (ilaiuum The 
spores aie di8tingui‘'hed from those of T tutui by the higher 
ridges and wuler meshes on the episporium The mycelium 

1 Fhmous to Kuhn, Pitvosi andluUsne had in 1853 uuried out experiments , 
also (lUuljtn m 1781 
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perennates in the rhizomes The spores, according to Brefeld, 
germinate m water after a resting penod of two years , m 
two years more they lose their capacity for germination 

T. secalis (Cord)^ is epidemic and destructive in ovaries of 
Steal c arealc 

T decipiens Pers (Biitaiii) In fruits of Aqro^is mdgaiis 
and A stolomfem Schroeter sa\s the plants remain stunted 
Brefeld states that spores geiminate in water after a resting- 
penod of three years, and lose their capacitv for germination 
in the following }ear 

T. lolii Auersw frequents the ovaries of cultiv.ited Lohim 
jinenve, and of L tcnwhnivm (dainel-grass) 

T hordei Korn otcuis m giain of Ihtrdevm and II mm mum in 

Pei sia 

T separata (Kunze) In giain of Apeni Spun laifi 
T calospora Pass In gi un of i/i(lropoq()7i u\ ]iA\\ 

T Rauwenhofiii Fisch In giain (d Ilohtt'- in Bfigiuin 

T olida (Riess ) foiins strijH'. on the lea\t>of Bi t hiipodmm •oiUati uni 
ind B pinnatun 

T seslenae Juel foinis hiniilu stupes on ha\es of auruh t 

T stniformis (Wtstend) ottuis on lta\ts It if slnatlis and sulks of 
Hope urufi, Antkora^ith mt, Mdnm Hohm \trlteii<tlfin nm, Bit i Baa, 
Dnctybn Ftutura^ Bromn'i {qroxlm I oh urn ttt (Britain and \ s Anitrua) 
T calaraagrostidis Fuck <)nl(i\esof( i/ama fiostui px/ n i C UdlUnma 
and Trititum, lepera 

T epiphylla Berk et Bi Mink hi ind of \nst! ilian in u/» 

1 Fischen Kaist In fruits (»f ( <//r i canigni s in I ml md 
T arcbca Rosti On lta\es and stalks of i i in Iinniiik 

T thlaspeos Btck In fiuit of T}dn»^x (dfnntn 
T zonata Bref On Sporoholm hqidaru fioni Quito 
T (0 glomerulata Cocc et Mor ottuis in ItiU on loots of ( qnodon 
Ddctylon, Plantaqo laa< eolata, and Mtdtt tqo 

T sphagtu Naviasdim was ome regaidtd as a sttoinl ftuin of spoil of 
iaphagn vm 

T oryzae Pat The fungus to winch tins nanit w is gnin forms 
sclerotia in the grain of (hyM satiia (Ricc) in .lapan 

Brefeld^ found that dark spoies ait gnen off fioin the suifaie of tht 
Sclerotia These spores, on gemiination in nutiitnt Molution iiroduied a 
septate mjceliuin winch, in dilute solutions, ga\t off jicar shajied colour 

’Kuhn, Boian Zeifuiuf, 1876, p 470 ( ohn, Jahibnjrh d Sc/t/cK Qe^ f 

mtttland KuUur, 1876 Niessl, Ihduuiia, 1876 
■’Nawaschin, Ueber die BrawlLrankheit d Torfmoom, 1893, and Milangen 
bwlogiqtm, t xiii , liv 3, 1893 

* Boian Cmtralblatl, LXV , 1S9(>, p 97 
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lesH conidia incapable of germination When the nutritive solution was 
frequently renewed, the m>eelinm grew Mgoroiisly and foimed a stlerotium- 
hke body, from which the dark spoies were laterally abjoiiitod and set 
free On this account Brefeld founded a group with the generic name of 
U<itila,qino}fle(t , it includes this species as Ihulaqinoidca oryzae and an- 
other siniilat one on Setoria Crii* xirdcfie he calls Ust netant/e The group 
has affinities with the XTstiiagineac and Ascoroxcetes like Claviceps, and 
Biefeld sees in it a connecting link between the two families 
Se\eral other Ameiican species of TtlJeUa ha\e been recorded 


Neovossia. 

Ch.iiacLers siniiLu to Tilhfta, except that the coiiidia produced 
on geriiunatioii ot the spoies do not coalesce ('onidia sown 
in iiutritne solutions pioduce a niyteliuni witli two kinds of 
secondary comdia 

N. moliniae Koinike The black Sjiore-powdei is developed 
111 eiilaig:ed oxaries of Molimo (udnUa The smooth ovoid 
«}>ores <11 e enclosed in a transparent mantle, and hive a hyaline 
tail-like ai>})endage hach spore is pioduced at the end ot a 
h}i)h<il hkimeiit, which remains attached aftei the spore-mass is 
lr(‘ed and foims the ,ip}>cndaL,n‘ Tlie spoies i>eiminate in watei 
at once, and send up a simple ,uinl jiromvcelium, on the apex 
of which .1 Clown of man} needle-like comdia are produced 
Septatioii of the prom} cell i may t<ike pi ice if thev become very 
loii^, the piotojdism jiassinii into the .ipical seunnents and leaving 
the liasal einplv, as in TtJhfid Br.inchiiig of the piom}celia 
111,1} alsct occui Tlie conidia on being shed give ofl sickle- 
sh.i])(*d sc‘coiidai} comdia In mitiitive solutions, however, the 
conidiii jiioduce a invcclmm fioiii which either sickle-shaped or 
iieedle-^hapisl conidni ina} be given ofl, the lattei however never 
.IS a Clown oi cue let 

N B&rcl&yftn& Bitf lu (lit fiuit'' of J\ ttiflonhn lu fsiiiila 
(This IS not s\ 111)11} moils with I stifaqo iKinusitt Rabh ) 

N {>) bambusae Bitf lu fruits of bamboo fiom Bia/ii 


Entyloma. 

Mycelium intercelluLii and never gelatinous Ihe spores 
<ire of iiiteiealar} oiigin, and aiise heie and theie on any part 
ot the mycelium Thc‘ spoie-cliisteis appeal externally as 
spots, and the sjioic's never leave the host The spores on 
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germination produce a thread-like promycelium bearing apical 
conidia, which conjugate in pairs before emerging from the 
host-tissues. 

The following species form conidia on the host-plant: 

Entyioiha serotinujn Schroet occurs on leaves of Symphyt'nm tttberomm^ 
S, ojictnaluy and Boraqo officumln. 

E. canescens Schroet On Myosotis (Britain). 

E. fuscum Schroet On Papaver Hkoean and /' ArgemoM 
E bicolor Zopf. On Papaver Phoeas and P dubium (Britain) 

E ranunculi (Bon ) forms white spots on species of Ranunculus Tufts 
of Inphae emerge from the stomata au<l 
form conidia, which on germination again 
give off conidia ’ (Biitain ) 

E corydalis De Bar> on Cori/daln 
cava and C solida 

E heloscladii Magn on Helosdadnnn 
nodiflorum 

These do not produce conidia on 
the host-j)iant 

E thalictri Schroet on Tladtctnim 
minus (U S Amenc^i) 

E vemiculosum Pass on Ranunculus 
hmuquiosus 

E Fischcri Thum (»n Stenadis bellidi 
dora 

E chrysosplenii (Beik et Br ) on 

ChrtfSiCipleniHiu alferui folium (BnUin) 

E Imariae .Vhroet ou Linat ta ivlgans 
(rS America). 

E picndis Host] on Puns hmaconli 
E eryngii(( 'oida; on Erympum planmn 
and E lampcstrc 

E calendulae (Oudein ) <»n Calendula, IJieraiiuni, Arnosens, Aniu'i, 
Belhdiostrum, etc (Britain) (Fig lf>8) 

E crastophiluffl Sacc on Poa and Dactt/lis in Itah 

The following jiroduce gall-like swellingb * 

E. microsporum (Ung) {E. Vnqenauum J>e Barv) (Britain and 
US America) On Ranuwulus nptns, R hulbosus, and R Fauna 
(Fig 168) 

E Aschersomi (Lie) on roots of Ihla hrysum arenartuni (Fig 169) 

E Magnusii (Lie) on roots of (J naphahum uligmosum and U luteo allaon 
(Fig 170). 

^ H M Ward, Philosoph. ttansactwnH of Royal Soc. lAtndon, Vol. 178, 1889 



PlO loh — SntvloiHU adtiidulat a 
cehal filiiment with two couhk rchtnig 
gporcK I Resting spore gcninuatmg 
tne anterior p.iir of pniimn c /indlii 
slioi^h ''onjugition or fusion it the Ijtist 
bnti/lonui mtnotpo im t, (icrminat 
in£; resting spore , four j)niu'irj conidia 
fusing in pairs at their ipiecs d The 
same sjiocimen sereii hours latti , com 
meneemtnt of abjunetiou of a sctctudarj 
spondinm on each pur (After De 
Bary ) 
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Still to meiition are : 

E. EUiwi Halst, known as “white smut.”^ It inhabits spinach 
{J^pinacia oleracea), discolouring the leaves, 

E. oasifragi Eostr. on JVartltecitiin osmfmgum in Denmark 
E. catenulatum Rostr. on Aira eae»jntma in Denmnrk 



Fid —Bntyloma A»clitrt(>/iit (>Lniuii 
atod Hjtorc with Hcptatt ]iroinjtelium one 
promMflial brunch ren iimw rudinicntur\ 
the other (to left) haa pnniiu cd two brum he*' 
one of whieli imfi elongated and bears a loni 
diuni (After Woronln ) 



Fi( ITo — tf( Mannuiii Gerinui 

uted spores, the pronn cclimn of one shows 
a whorl of three branches with apiees 
el jugatiug to form germ tubes , the other 
shows two out of three, genu tubes giving 
off bnmhed sporidii (eoiudii) (After 


Wore urn) 

E. leproidum TiaU- hprotdea (Saa )] Diseased beet-root 

exhibits 11 regular outgiowths, \vhuh enclose spaces filled with the biowu 
spoie-}>owdci of this fungus 

E nympheae (('uuningham) SeUh ‘ on various species of Nymphea in 
America, Africa, and Euiojie. 


Melanotaenium.’^ 

Spores luiieellular in patches on an intercellular mycelium 
lying deep in the host-plant, they have a thick daik brown 

’ Haleted, Xetr Jer-^ey Aqnc. Ex'jtet Statwn Bulletin, No. 70, 1890 
^Trabut, “ Sur une Ustilaguiee paiasiU de la Bttteiaie ’ Compt rnid 
cxviii , 1894. 

*Setchell, Botanical Gazetk, 1894, p 188 (with illustrations) 

*Schroeter, Krypto</ain. Flora i. FchleHuu Wovomn, St udenbeig Oenell, 1880 
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epispore, and the clusters appear black or leaden-grey Ger- 
mination as in Entyloma 

Melanotaeninm endogenam (Unger) (Britain) This is 
found on Gahum Molhiyo and G verum The mycelium 
permeates the whole intercellular system of the host, and is 
nourished by large tufted hausloiia 
The host-plants remain small, \Mtli 
shortened inteinodes, shrunk lea\es 
and unde\ eloped flowers The 
spores occui in patches in de- 
lormed floweis and on letues and 
internodes The> aie formed in 
summer, and b\ autumn arecapalde 
of germination in watci , Woiomn 
could not keej) them alne ovei 
winter On uermimitioii a ])iiui 
tite pioniuelium is pioductd om 
Viranch of which lemains rudimen- 
tai) while the (»ther grows on 
and if lomj becomes dnided b} 
cioss septa At its a]»e\, a nuiiilK i 
of conidii aiise and, after man} of them haAe fused in pms 
the} germinate directl} to a septate hlament into which tin 
plasma passes o\ei (h'lg 171) 

Mel cauUura (bcluieidei) <^U8«.h the sUni of Intant tifyanx to swtll 
u]) like a quill 

MeL cmgens (Beck) «)ii Lmatvi (fnu^Ufoha >idmg to Bithhl 

this species ouh geiiuin after Kstinj: foi four Main ^^lulel^ Jutl 
easih caused Mel ai/hum to do so after i shoit ust 



li 1 l —Mtlanotamit i endoacuvm 
Oermiuiiting aporcs Oiu baa alrtadc 
1 reduced a prcmuttlmm «ith a whorl of 
h'e br'inchcs f which two have fused 
(After W oroiiin ) 


Urocystis 

Spores massed into balls, consisting of several spores sur- 
rounded by smaller coinpanion-cells incapable of germination 
The central spoies are clear 1\ distinguished from the otlieis 
b} their largei size, durkei colour, and thicker coat The halls 
of spores are developed inside coils of h}phae, which become 
entwined together and swell up in a gelatinous manner The 
central spores on germination give rise to a promycehum, with 
termmal conidia which do not as a rule fuse in pairs, hut glow 
out directly into mycelia. 
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Urocystis occulta (Wallr.). (Britain and U.S. America.) This 
species is common on the haulms, leaves, leaf -sheaths, and less 
commonly on floral parts of Secale crmile (rye). It causes the 



Fui i:-' ~rroc-/»li» orculUt Hyc- The «irs lire stuuted, and the spore- 
uwdor oinorjrc.s from lonKitudinal ttssmes in the upper part of the stems. 
f. Tubeuf pilot.) 

formation of grey stripes, from which a black spore-powder 
escapes. The haulms become diseased and smutty, thereby 
preventing development of the ear, which remains stunted and 
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empty (Fig. 172) Spore-formation causes the parenchyma of 
the stem to be destroyed m stnps, along which rupture takes 
place, and the haulm, losing its rigidity, falls over The balls 
of spores consist of one or two smooth spores enclosed b} 
companion-cells, Grermmation takes place easily in water, and 
a circle of cylindrical conidia are produced from the end of 
each promycelium. The conidia, without becoming detached, 
give off a lateral germ-tube The mjcelium does not hibernate 
While this smut does not occur on ceieals so commonly as 
specie^ of Ustdago and Tdhtm, still it may sometimes cause 
severe loss Treatment of seed by Jensen’s hot- water method, 
or by a copper sulphate steep, mai be resorted to, but the 
results have not as yet been always successful 

The only other smut of r}e is Vddago maJis in the grain 
ftnd it is only rarely found Winter, however, considers r}t 
amongst the host-plants of UiocysHs agroj^yix 

Uroqrstis agjopyn (Preuss) (Britaii) and US America) Leaves aud 
haolms of Triticum repeng, Arrkenatherum Festuca jubxt aii(i 

Broniug tnermu are the habitat of this species 

U festucae Another species distinguished b\ I le on Festwu 
'U UldMagn In leaves, more rarel} in infloreBcences of /Vc pyatniAig 
U luzulae Schroet On leaves of Lmuhi pdom 

tJ. colchici (Schlecht) On leaves of Culchxnm uutxxmxmh 
Musmn comomm, M xaccmosum, Pans qmdrxfoha, and SdHu 
hifolxa (Britain and U ^ Ameiica ) 

' U. cepulae Frost ^ (US Amenca) Onion-smut, This 
frequents the green leaves and subterram an scales, producing 
pustules, which break when ludtiire and allow the black spore- 
powder to escape 

U ormthogali Korn fiequeiits leaves of (^ruithognhnn umhellatum 
U gladioli (Rcq ) is found in tubeis and stemw of (jladwlm (Hiitain) 

U. anemones (Per*;) (Bntam and US Amtiica) Anemone- 
smut This ma} be found in leaves or stems of iiianv 
Ranunculaceae Anemone HxpatKa A nanoiosa, A lamineidouhs 
Pxdsatxlla alpxna, P vnxudis, P Pt ansyhmuKa, P (iiuidoha P 
baldUnsis, etc , also on Atiagene edpina, Acondum L( imutontnn, 
Actaea spicata, Rdlehoias tirtdis, H xagtx, RanxtxicxiUm Fkoxlo, 
M halbosns, R xepens, It saidoHs, Eraidhis humaliH Biefeld 
says the spores germinate in water, after resting for half-a-}eai 


Thaxter Report of Conmcticia Amtc Exjter SteUwn foi 1889 
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U. Leimbachii (Oertel.) causes globular swellings of the 
stem-base of Adonis aestivalis at Jena (Fig. 173). Patouillard 
regards this species as a form of U. anemones, differing somewhat 
on account of its underground habitat. 

U. sorosporioides Korn. (Britain). On Pulsatilla alpina, Thalic- 
trum minus, and T. foHidum, forming pustules and swellings. 



Fig }7Z.~A, I mevuti* autiMiKi on Hilklnire Spore patches on stalk and 
nnd-rib (\ Tuboiif dtl : f.pet mien from Hoit Sthmbl of Amnith ) 

B, I ><>cx/»tU Ltimliarh < (f’ oiu > inne*) uiiisin^ swelling at base of stem of Adorn* 
aeittmlu (t. Tubetif del , 8|>etlnien from Piof Stahl of Jena ) 


U. yiolae (.Sow.). (Britain and U.S. America.) The deforma- 
tions induced by this brand are not uncommon on Viola 
odvmta in gardens, also on V. tricolor, V. hadensu,, and V. 
hirta. Its presence is shown externally by the marked thick- 
ening and malformation of leaf-petioles, runners, leaves, and 
fruit-stalks (Fig. 174). The swellings extend round the whole 
stem, and form pustular outgrowths on the leaves ; the black 
spore-masses appear after rupture of the epidermis. The 
dower may develop normally although other organs are diseased. 
In a case from the garden of Prof. Hartig, a flower-bud 
unfolded prematurely in the autumn, its stalk was very 
much deformed, the flower itself was somewhat stunted, yet 
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the plant as a whole did not seem to be much affected. On 
the other hand, a case was observed near Munich where a 
large plot of-* violets was completely killed out in a few years 
by this fungus. 

The- anatomical changes induced on Viola odorata were 
investigated by Wakker^ with the following results : a swelling 
of the stems, leaves, and flower-stalks occurred, often accom- 
panied by considerable twisting and rupture of the epidermis ; 
these changes were not caused by any enlargement of cells, but 



Fi(. 174 —I laniKt,* i uilof ou \ iola Smut pUHtulcw are <m Ittif stalkH 

and fruit stilks, accom}Miuicd by malfurmatiou (r TulK,uf phut ) 


the cambium remained longer active in the stem, and a secondary 
division of rind-pai enchyina oi raesophyll could be observed, 
along with a disappearance of intercellular sjiaces , accessory 
vascular bundles were formed, but the secondur)' vessels remained 
incompletely developed. In short, new growth occurred, not 
in the earlier stages of the host’s life, but in the adult. 
Especially noteworthy is the formation of a small-celled tissue 
resulting from cell-division in the rind-parenchyma and the 
mesophyll ; this serves as a nutritive tissue for the fungus, 


Wakker, Prtnyithetm'ii Jahrhuch, 1892. 
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and IS destroyed during spore-formation, so that the balls of 
spores are found m large cavities in the host-tissue 

In the spore'-masses the enveloping companion-cells are more 
transparent than the spores proper The latter germinate ^ easily 
in water, and produce prornycelia which grow towards the air 
On the extremities of these several conidia arise, and, without 
becoming detached, proceed at once to give off short conidio- 
phoies with terminal conidia As this process is repeated 
indefinitely, chains of conidia are formed Fusion of conidia 
nevei occurs 

U. KmctiaHA Magn Magnus^ describes this as destroying 
and filling with black spore-powder the ovaries of Viola tricoloi 
(ixn <iri(mi*^) 

U filipendula Fuck occurs paiticuhrlv on petioles and leaf nhs of 
SptHHa Fihptudida Brefeld found the spores geinmiating after a yeai 
U (9 itahca (Nice et '^peg ) In seed of Cadaiica vesta 
U purpurea Ha/sl (.)\anes (d Ihanthus deltoides and J) prohfem in 
flungan 

U (?) coralloides Kosti In loots of Timitts glahni in Denmark 
U orobanches (Fi ) In loots of (hohaiohe, 

U (^) monotropae (Fi ) In loots and stems of Monotropo in Belgium 
U Johansonii {V Junu Lag) In leaves of Jxnxus fibformis in 
'sv\it/ei land 


Tuburcinia. 

Spores forming balls as in Ibod/di^, but all are equall} 
capable of gerniinatioii The spore-aggiegations form large or 
snuill, slightl} thickened spots and crusts, which do not cause 
ver) maiked defoimatiou of the host Germination results, as 
ill TiUitia, in the foiniation of a promjcelium bearing a tuft 
of conidia at one end White conidia aie also produced from 
the mjcelium on the liost-plaiit 

Tuburcinia trientalis (llerk et Br)'* (Britain and U b 
America). Plants of T)i(ntah'> (nnypata attacked by this fungus 
are conspicuous in eaily summer by their swollen dark-coloured 
stems and their smaller lighter leaves, which fall prematurel} 
The conidia appear as a white mould-like coating on the lower 

* Prilbeux, Bulht de (a Sot hotau d» France, 1880 , and Brefeld {he cif ), 
Heft Xii, 

^Magnus, Natur/ot tt h Fr d Pioi Brandenburq, x\xi 

^Woromn, Senckeyibenj naturforsth QeseU , 1881 Plates I , II , III 
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side of the lea£^ The black spore- masses are formed in the 
rind-parehchyma, and sometimes in the pith ; they are set free 
by rupture of* the ei)idermis. 

In autumn the symptoms are different. The plants appear 
normally developed> ^nd have no coating of conidia ; dark 
swollen spots, however, appear on the leaves and leaf-petioles, 
in consequence of the massing of black spore-balls in the par- 
enchyma under the epidermis. 

The summer mycelium consists of colourless irregularly 
branched and slightly septate hyphae occupying the intercellular 



Fic.. 175 —Tuburcinia tricntalt*. Sport*- 
moss germinating ; several promycelia Mve 
been produced and are proceeding to form 
whorls of branches. (After Woronin.) 


Fi«. 17<i — Ajhix of an iiKdatod Droiuy- 
rchum from Fig 175 ; it camus a whorl of 
branches, some of whic h liava fused in pairs ; 
all are developing conidia. (After Woronin.) 


spaces of the pith and rind-parenchyma, also the vessels. The 
hyphae apply themselves closely to the cell- walls, and certain 
short branched hyphae actually penetrate into the cells. The 
spore-masses are developed from delicate liranched multiseptate 
filaments of the vegetative mycelium. They begin a.s two or 
three little cells round whicli a coil of hyphae is formed ; the 
central cells, increasing in number and size, become a ball of 
dark smooth-coated spores, while the enveloping coil of hyplme 
disappears. 

The spores germinate during the same autumn, frequently 
in the position of their formation. A promycelium is first 
formed, and on its extremity a circlet of co)iidia arises ; there- 
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after the promyceliuru becomes divided by cross-septa in its 
upper part, and the conidia too are frequently divided by one 
or two septa. The two promycelial cells become detached, 
while the conidia begin to fuse together by means of out- 
growths near their base ; thereafter each conidiupi gives 
out a secondary conidium, into which the plasma-contents 
pass over. A similar formation of secondary conidia may take 
place without previous fusion of the primary conidia. The 
conidia fall apart, and they, as well as the upper promycelial 
cells thereby left isolated, grow out as hyphae. It must be 
these hyphae which infect the rudimentary shoots of Trientalis 
when they are already partially formed for next year. The 
resulting mycelium permeates the shoots in the following spring, 
and branches of it emerge through the stomata, or pass between 
the e])idermal cells and break the cuticle, to grow up either at 
once as conidiophores, or to form on the surface of the leaf a 
web from which conidiophores arise. The pear-shaped conidia 
are attached by their broader side, and easily fall off, leaving 
the conidiophf*res free to produce new conidia. The conidia 
are capable of immediate germination, and may produce a 
lateral germ-tube, which grows directly upwards, and gives off 
secondary conidia ; or the conidia themselves grow out into 
hyphae, capable, as Woronin proved experimentally, of carrying 
out infection. Such hyphae penetrate between the walls of 
adjacent epidermal cells, and give rise to a mycelium wdiich 
spreads in a centrifugal direction and forms the spore- 
masses. 

This same fungus has also lieen found on Euphrasia lufea 
and Paris qiuuJrifoJia. On Euphrasia, according to Winter, 
it cau.ses formation of large swellings, accompanied by consider- 
able deformation of leaf and stem. 

T. primulicola (Magn.) Kuhn.^ (Britain). This smut attacks 
flowers of Primula acaitlis, P. officimxlis, P. elatior, P. farimm. 
In cases described in Germany, the blooms were generally 
attacked in the filaments or connective of the stamens, but also 
in the anthers, the ovaries, pistil, stigma, and sometimes in the 
calyx-tube ; while the whole flower-head was more or less 
discoloured by the black spore-dust. The mycelium permeates 

'M»gaU8. Botan. Vertin 1878. Kuhn, “die Entwickelungs- 

gesch. d. Priuielbrandes,” yatur/oritch. GfM.ll. zu Halle, l8Ji-. 

X 
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the whole host and hibernates in the root-stock. The spores 
are developed from the ends of hyphae in the host-tissue, and 
are either isolated or joined into packets. They germinate 
easily in water, and produce either a fine germ-tube, or a 
thick promycelium with four oblong conidia on its apex. The 
conidia are easily detached, and either develop to fine hyphae, 
or give off secondary conidia. Germination on the whole is 
similar to that of T. trientalis. Conidia may be also produced 
directly on the host-plant; these were first described by Kuhn, 
who named them Paipalopsis Irmischiar ; later, however, he 
succeeded in infecting plants of Primula with the conidia, and 
in proving their relationship to this Tvhurdnia. 

T. Cesatii Sorok. occurs on geraniums in Russia. 

Here, according to Setchell, the following American genera should be 
placed : 

Burillia : B. pmtulata on Sagittaria. 

Comuella : C. lemnae on Lenina polgrhiza. 


Doassansia. 

Spore-masses consisting ^of numerous sjKtres capable of ger- 
mination, enclosed in a layer of sterile cells. The latter are 
most conspicuous in the species frequenting aquatic plants, and 
are filled with air, — Brefeld regards them as swimming-organs. 
The spore-masses lie in groups embedded in the host-plant. 
The species inhabit jjlants with an aquatic or moist habitat, 
and produce on them leaf-spots with black pustules. 

Fisch^ investigated the life-history of Poamtnsia sagittariac. 
He found an intercellular mycelium which, inside the stomata, 
formed sporocarps, consisting of sclerotium-Iike coils of hyphae 
enclosing several cells which form spores. The spores on germina- 
tion give rise to promycelia, which produce sporidia in a manner 
similar to ErUylomi. The sporidia easily genuinate in water, 
and can immediately infect young leaves. The germ-tubes 
creep on the surface of leaves, and attaching themselves by 
an adhesion-disc over the wall between two adjacent epidermal 
cells, they penetrate this wall. The hypha, while passing 

*C. Fi«ch., Ber. d. deutsch. boUtn, Geaell.^ 1884, p. 405. Cornu, Annal. d. m. 
mitur. XV., 1883 Setchell (Botanical OazcUe^ 1894) records the American 
species and comments on them. 
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through the wall, remains thin, but on emerging into an inter- 
cellular space it soon thickens and branches into a mycelium. 
Infection results in the appearance of yellow spots, due to 
rapid destruction of the chlorophyll and death of cell-contents. 
Experiments in germination have been carried out bySetchell 
ami Brefeld ^ 

Doassansia sagittariae (West) (Britain and US America) 
In leaves of Scujittaria The spores, according to Brefeld, 
germinate in water, after hibernation The} produce unicellular 
promycelia with a terminal tuft of more or less spindle-shaped 
conidia, which at once begin to sprout and fall off On the 
surface of a nutritive solution they continue to sprout yeast- 
like, and form close mould} coatings {Doassansia is the only 
genus of the Tilletiae m which Brefeld found yeast like sprout- 
ing of conidia ) 

D alismatis (Xees) (Biitam and US America) This 
inhtibits leaves of Alisma Plaufat/o and A natans producing 
knotty swellings The spores are enclosed in a la}er of com- 
panioii-e ells containing air wheieby the masses swim on water 
On the promycelium the conidia aiise from tufts eif conidio- 
phores the> fuse in jiaiis and setondaiy conidia are developed 
fioni each pan or e^en from “Single conidia 

D Niesslu (dc loni) forms small spots on leaves of Buto^ 
/nils innh(l!laf}(s The spores are suriounded by companion-cells 
(ontaiiiing air llie} germinate before leaving the spore-patch, 
and pioeliice conidia, even secondar} coniclia, before rupture of 
the host-epiderinis takes place Brefeld describes the spores 
as geinniialing in vvatei to form a very short piomycelium 
with shoit thick conidia which fuse in pairs and give off larger 
secondary conidia fioin then apices In nutritive solution 
conidia aie developed which give off septate filaments whence 
fuithei conidia arise Aeiial conidia aie iiltimatel} developed 

Alagnus found that the spoies of D ahomatis, D Biessht 
and other species geiniinated at once on reaching maturity 
Brefeld, however, found that this took place onl} after they 
had lam over winter It ina} be that here, as with some 
higher plants (< g Finns Ctmha), theie is an immediate 
capability of geimination, but alsp a deferred, the latter requiring 

‘Sttthell, Annal'i of Botany, vi , 1892 Brefeld, Schimmelpdze, Heft \ii , 
1895 
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to be preceded by a considerable resting-period, during which 
germination will not take plkce. 

D. MaitianofiElana (Thiim.). In leaves of Potamogeton natans and P. 

D, occilta (Hoffm,). In fruits of species of Potamogeton. 

D. intermedia (Setch,). An American species found on leaves of 
SagittaerioL variahilU, 

D. comari (Berk.). In leaves of Comarum pahistre in Britain. 

D. limosellae (Kunze.). In flowers of Limosella aqxuitica. 

D. hottoniae (Bostr.). In leaves of Hottonia palustru in Denmark. 


Thecaphora. 

Spores, large, spherical, and inseparably united into packets 
of several spores. Germination results in the formation of a 



Pic 177. — TK*eaj)kora hvahna. PluricclJu- 
lar sjiore, with two CGlli«(t>i>ore8)gemiuiitmg 
(After WoroiUQ ) 


Fk. 17H — Soratponuiii sajioHuruu (var 
Lvchmdm dtotcat ) Matin e RiHiro-inuHS, uiid 
HiNiruK gorunuatiiig (After n orouiu ) 


promyceliuni from the apex of which a single conidiuin is 
produced. 

Thecaphora lathyri Kuhn. Spore-) tails formed in the seeds 
of Lathyi'UH jTratcmis, anti escajhng as a brown powder on 
dehiscence of the jxids. The spores germinate in water with 
formation of a promyceliuni bearing a single a]»ical conidiuin, 
which produces a hypha, but never secondary conidia. In 
nutritive solutions the spores produce a mycelium from which 
conidia are continuously given oil. 

Th. hyaiina Fingerh. (Britain). This occurs in fruits of 
species of Convolvulus. Woroniii descrilies the spores as having 
germ-pores through which a septate germ-tube is emitted ; the 
individual cells of the germ-tubes develop into liyphae, without 
formation of conidia. 

Th. affinia Schneid. In fruits of Astragalus glgcgphyllus {{J.S. America). 

Th. Trailii Cooke. In flowers of Carduas heterophyllas in Scotland. 
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Th. Westendorpii Fisch In Lolmm perenm in Belgium 
Th. pimpincllae Juel In fruits of Pimpinella Saxifraga in Sweden 
Th. aurwitiaca Fingh In leaves of Urtica dioica 
Th. paUcscens Fingh In leaves of Fmgana colhna 


Sorosporium. 

Spore-formation takes place in a mass of twisted gelatinous 
hyphae. Spores at fiist embedded in a gelatinous investment 
and united into packets, but later becoming separate Promy- 
celium filiform and septate 

Sorosporium saponariae Hud This causes deformation of 
flowers of Ihanfhu^ dcUoidf% Sajmnarm ojffici'nalm, Silene infiata, 
and S vchihna, Stdlaria HoJosfnan, Caastivm arrense, Lychnis 
dunca, and Dmnthns prohfn 

S dianthi Babh, on Dinnthvs proJifa^ is probabh identical with the 
})receding species 

We append here as doubtful Ustilagineae, the genera Gmphiola 
Sthinziff {Entorrhiza), Tuhenuhna, and Schroctena 


Graphiola 

Tlie sporocaips of this genus aie formed on the suiface of 
plaiiL-oigans containing in}celium, they aie little spherical 
structures enclosed in a pendium, and contain filamentous 
septate hjphao The h}phae may be sterile or fertile, the 
spoies are produced on lateral cells of the fertile hyphae. 
From the germinating spores, either a thread-like mycelium or 
spindle-shaped conidia arise 

Graphiola phoenicis Pait^ (Biitam.) This fungus is a 
parasite on leaves of palms {eg Phoenn dactyhfeia and 
CJuimitops huniilis) in the open in Italy and othei Mediter- 
ranean countries, in hot-houses elsewhere The sporocarps make 
their appearance as little black protuberances on both sides of 
the leaf. The mycelium forms a close hyphal tissue, which 
encloses and kills parenchymatous cells, displaces the bundles 
of sclerenchyma, and ruptures epidermis and hypoderm De- 
formation IS, however, localized to these spots. 

^E<1. FiBcher, “ Beitrag /. Ktnntmss d. Gattung G'rap/uo^a,” Botan. Ztitung, 
1883 . 
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The sporocarps consist of a two-layered peridium, a sporogenous 
layer, and tufts of sterile hyphae. The outer layer of the 
peridium forms the outer layer of the black protuberances on 
the leaves ; the inner layer is delicate. The sporogenous hyphae 
originate* from the centre of the underlying hyphal tissue, and 
form a palisade-like layer in the bottom of the sporocarp cavity, 
the remaining space being filled with spores and tufts of barren 
hyphae. These latter hyphae rise amongst the sporogenous 
ones, and project as a fine brush-like tuft out of the ruptured 
peridiuHL The sporogenous hyphae grow vertically upwards, 
and become septate, forming chains of loosely united, roundish, 
hyaline cells or joints. The terminal joints give off several 
spherical cells laterally, and die away, leaving the cells loose 
in the sporocarp cavity. From division of the spherical cells 
yellow spores result, and, on rupture of the peridium, ai*e 
carried out on the tufts of sterile hyphae to be scattered by 
wind. The spores germinate in water, and produce either a 
promycelium or conidia. 

Or. congesta llerk. et Kav. occurs on leaves of Chuiiuropa 
Palmetta. 


Schinzia (£ntorrhiza)d 

Spores produced on the ends of lateral branches of a mycelium 
in the cortical cells of the root of the host-plant. (Jermina- 
tion results in production of a simple or branche'd sjjoro]>hore 
(promycelium), from which kidney-shaped conidia (.si»oridia) are 
produced. 

Schinzia cypericola Magn. This causes deformation of the 
roots of Cyperus flarmrnH (Fig. 179). 

Sch. Aschersoniana Magn. causes swellings on the roots of Junciit 
hufonius [Britaiij]. 

Sch. Casparyana Magn. In nwts of Juncas Tmayein. 

Sch. digitata Lagerh. In roots of Jnnrm artiruffitus. 

Sch. (Naegelia) cellulicola Naeg. In roots (tf /m in Switzerland, 

Sch. (Entorrhista) solani Faut.'-' [This is given as the cause of a disease 
on potato. The plants droop and ultimately rot at the neck, the leaves 
become yellow, and neither flowers nor tubers are produced.] (Edit.) 

*P. Magnus, at Botan. Verein d. Prov. Brandenburg, 1878; “ Uel)er einige 
Artend. Gattung Schinzia,” Ber. d. deutnch. hotav. (Jen., 1888, p. 100; C. Weber, 
Baton. SMtwng, 1884. 

® Fantrey, Rtvw, mycdog., 1896, p. II. 
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Tubercttlina. 

Mycelium parasitic on hyphae and spore-patches of Uredineae, 
Short rod-like hyphae spring from the spore-patches, and give 
off from their apices, globose conidia, which on germination 
produce branched promycelia bearing sickle -shaped conidia. 



Fio 179.— Sc/iiium rtf/«)*4Co/a on 

divided swellings. Isolated spore. 


Several roots show polmately- 
(Alter Magnus ) 


Tnberculina persicina Dim.. The lilac-coloured spores are 
found on aecidia of Prnlermium pirn and other aecidial lorms 
also on some species of Caeoim.' (Britain and U.S. America.) 

> Plowright give, ate Aec. aspm/Mi, Aeo. 

and Roestdia lacerata as hosts. 
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T. maxima Rostr. Occurs on *rast-patches on Weymouth 
pine. It has larger spores than the preceding speciesi 

Schroateria.^ 

Sporetf Joined in pairs, rarely in threes, with tbeir broad 
facses together. They are developed from single joints of a 
septate non-gelatinous mycelium, particularly from short eurled 
lateral hyphae. Spherical conidia are produced, like those of 
PenicUlium, by intercalary growth in chains from the end of a 
conidiophore which is generally unbranched. 

Schroeteria Delastrina (Tul.) occurs in seeds of Veronmi 
<irx>enm, V. hederifolia, V. triphylla, and V. prae/'ox. The spores 
germinate in water, and produce conidia incapable of further de- 
velopment, even when transferred to a nutritive solution. In such, 
however, spore-germination is more vigorous, and an abundant 
mycelium results, but it seems to be unable to produce conidia. 

Sch. Deadsneana (Boud.). In seeds of Verotnca hedert folia at Paris. 


UREDINEAE. 

The Uredineae or Kust-fungi possess several forms of spores, 
one of which, the teleutospore, is rarely, if ever, absent from 
the life-cycle of any species. The teleutospores consist of one, 
two, or more cells enclosed in a thick coat of dark colour, and 
thereby well adapted to caiTy the fungus over winter. When 
germination occurs, each cell of a teleutospore gives off a germ- 
tube through a pore or thinner place in its wall, and fnmi 
this a promycelium 2 is formed, consisting as a rule of four 
cells. Each teleutospore originates from a sporophore of its 
own, and in the course of development two nuclei, originally 
present in each cell of the young teleutospore, fuse together. 
When germination takes place, and the promycelium is formed, 
the single cell-nucleus, derived as above, divides into two, then 
into four, so that a nucleus is produced for each of the cells 
of the promycelium. From the promycelium four sterigmata 
are given off, and each produces a single sporidiura.® These 

^ Brefeld regards the species as forms of higher fungi, not as Ustilagineae (Heft 
xn., p. 204). 

2 Brefeld considers that the proinyoelium and sporidium are respectively a 
basidium and a b^idiospore. 
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sporidia on germination give infecting mycelial byphae. In 
the case Voleos^orium, the promycelium is formed inside the 
teleutospore in a manner similar to the Protobasidiomycetes. 

Besides telentospores, there occur uredospores. These are 
given off from patches or sori throughout the summer till 
autumn, when they are followed by teleutospores on the same 
sori. vThe uredospores somewhat resemble the teleutospores^ 
but generally consist of one cell only with a thinner coat of 
lighter colour; they either germinate at once without a resting 
period, and give rise to a gerrn-tube capable of direct infection 
of new hosts ; or less frequently they are resting-spores for 
a time. 

A third form of spore occurring in the life-history of the 
Uredineae is the aecidiospore, produced in a special structure, 
the aecidium. The aecidium is developed inside the leaves or 
other organs of the host-plant, and when mature ruptures the 
overlying epidermis; it has as a basis a firm hyphal tissue, 
the upper surface of whicli becomes a disc of short erect sporo- 
phores. From eacli sporophore there is formed by intercalary 
growth a chain of cells consisting alternately of spores and 
smaller intermediate cells, which do not become spores. The 
youngest cells in an aecidium are those next the sporophore- 
disc, and they are forced outwards by intercalation of younger 
cells between them and the disc. The cells so produced 
become alternately intermediate cells and spores ; the former 
increase for a time, then decrease and disappear, the spores 
however continue to increase in size as the chain grows forward 
and to take on the characters of the mature aecidiospore till 
they are finally shed from the aecidium. The production and 
distribution of aecidiospores may thus go on continuously for 
a considerable time. The sporophores at the periphery of the 
disc do not liowever produce spores ; chains of cells are also 
produced from them by intercalary growth, but the cells are of 
equal size, and remain closely connected with their neighbours, 
so as to form a membranous covering over the spore-sorus, 
this is the so-called peridium, on rupture of which the aecidio- 
spores escape. In many Uredineae the peridium is suppressed 
{Caeoina}’, in others {Phragmidium) it is replaced by other 
structures, the paraphyses. The spores of the genus Endophylhim 
are produced in series in aecidia enclosed by a peridium, but in 
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germination they behave more like typical teleutosporeo than 
aecidiospores. 

Before the relationship of' these various forms of spores was 
known, Aecidium and Caeoma were regarded as independent 
groups^ and named as such ; even yet many isolated forms of 
uredospores, teleutospores, and aecidiospores are known, the 
relationships of which are quite obscure. 

The aecidia are always preceded or accompanied by a further 
form of spore produced in a special structure of its own. These 
spores have hitherto been called spermatia, and their sporocarps 
si)ermogonia, on the assumption that they were male organs. 
Now, however, many of them are known to he capable of 
germination in artificial nutritive solutions, hence they are more 
prolmbly a fonn of asexual bud, and better named conidia, 
their sporocarps pycnidia. The pycnidia are flask-sbaped 
structures sunk in the tissue of the host, with a pore or 
mouth emerging through the host-epidermis ; they generally 
occur in leaves, and occupy the upper epidermis, the aecidia 
occurring on the lower. From the mouth of the pycnidium 
there frequently emerges a tuft of fine filaments, outgrowths 
from the inner wall of the flask. The pycnidia possess a lively 
colour and flowery odour, hence it has been suggested that 
the conidia may be distributed by insects; but they do not 
appear to be able to germinate in the open, and infection- 
experiments wdth them have never as yet succeeded. On this 
account they are regarded as degenerate structures.^ 

The various forms of sj>ores are also distinguishable by the 
manner in which they bring about infection. Teleutospores on 
germination produce sporidia, which pierce the membranes of the 
prospective host at a spot where two adjoining cells are in 
contact, and thus make their way into the intercellular spaces. 
Uredospores and aecidiospores, however, first seek a stoma and 
enter the intercellular spaces of the host through it. 

The following different forms of Uredineae exist: (1) Those 
which possess teleutospores alone, e.g. Chrysomyxa ahutis ; (2) 
those with teleutospores and uredospores, c.g. Puecinm pnmi 
spinome ; (3) those with all the forms of spores, e.g, Pueeitiia 
graminis ; (4) those without uredospores, e.g. Gymiwaporangium. 

'Rathay, “ Untereuchungeu Uber die Speraiogonien d. Ro»tpilze,” i>«njbcAr(/3 
d. Wiener Akod. d. WiHaemch., 1883. 
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The different forms of spore may be found on one and the same 
hogt^plant (autoecious 1/redineae), or the aecidiospores and 
pycnidial conidia may frequent a different host from the uredo 
and teleutospore-forms (heteroecious Uredineae)^ 

A mycelium may be produced from the germinating aecidio- 
spores, uredospores, or spondia It spreads throughout the 
intercellular spaces of attacked organs and causes thickening, 
distortion of the tissues of its host, or the formation of “ witches’ 
brooms.” Nutriment is frequently obtained by means of cone- 
shaped or button-like haustona in the interior of host-cells. 

Hibernation of rust-fungus is most commonly attained through 
the teleutospores, the thick coats of which make them peculiarly 
suited to pass through a lengthened restmg-penod borne forms, 
however, hibernate by uredospores, by aecidiospores, or by the 
mycelium remaining on or in living perenniting stems, twigs, or 
underground rootstocks of their host 

Aecidiospores on germination produce, as a rule, a mycelium 
which gives rise to uredo- or teleutospores, rarely to aecidiospoies 
(( ^ Pnuinm saicciotns and U^omi/us nn)^ Uredospores on 
geinimation, produce a m}celium from which uredospores are 
first given ofl, then teleutospores The spondia of teleutospores 
give rise to a m}celium which frequently produces pycnidia 
and aecidia In rare cases, tlie spondia of species, which normally 
form tiecidid, are said to develop a uredo- m } celiiim {eg Pucc 
graminis according to Plowright) 

The Uredineae are foi the most part strict parasites, and 
exhibit marked adajitation to their respective host-plants Several 
of the polyxenous membeis frequenting several species of host- 
plant have been found to varj according to their habitat, so that 
one and the same 8}>ecies assumes a slightl} diflereiit form on each 

’ The plieiunnenon of httei m^cisni was till quite recently known only amongst 
the Ureclmeac orOnin and Nawaschm have, however, recently pointed out that 
It exists in Sihrotima ledt, one of the Ascoinycetes (p *277) The conidia of 
this species are pioduced only on Vacamnni ulxqnmti-m, the apothecui only on 
Ltdum, and alternate with each othei , so that the Lfdutn can l>e infecteil only 
by germinating conidia, the Vaeetntum by germinating ascospores 

“Dietel {Natur/orsch ] eretn in Vienna, 1S94) pointed out furthei cases of 
this kind, in which aecidia were pioduced the summer through, and no 
uredospores, while in autumn tehutospoies were formed He has inoie recently 
stated the general conclusion (Flam, 18%, p 394), that with these species of 
UiomyctH and Pucama, which prmluce aecutia and telontospores, but no uredo 
spores, the aecidiospores aie capable of repioducing aecidia when no peiennating 
mycelium is present Similarly with those few species which produce a very 
small uumlier of uredosiwres 
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host-species. I have previously shown/ with regard to the 
mistletoe ( Viscum album), that . the different forms on Finm, 
Abies, and various broad-leaved trees, which some authors regard 
as distinct species, might equally well be regarded as forms of 
one species differing slightly on account of their different 
substrata. Magnus * designates as “ habitat-races ” these forms 
of heteroecious Uredineae whose aecidial generation has become 
adapted in some varying degree to each of their respective 
species of host-plant. Thus the various forms of Aecidium 
convoMaria^^ on its different host-plfitnts, he regards as forms of one 
and the same fungus, the Ptuccinia of which occurs on FhaJarui 
arundimum. 

The manner in which such adaptations originate is indicated 
by my experiments with Crymnosporanyium. Thus G. clamrinc- 
forme can infect leaves of Crataegun and produce aecidia 
without failure ; whereas the same infection carried out on 
Sorbus and Ct/doiiia results in incomplete development of aecidia 
(see Table, p. M85). In this way there might easily be pro- 
duced one form which infected Crataegus, and another confined 
to Cgdonia. The same thing occurs with the various Feridcrmia 
of pine-needles ; these, according to the investigations of 
Klebahn, are caused by one or other species of Colcosfwrium 
from very diflerent species of host-plant.^ 

The best examples of all, however, are presented by the 
cereal- rusts, as demonstrated by Eriksson. This investigator 
believes that the forms distinguished by him as “specialized 
forms” (by Eostrup as biological species or varieties”) are 
of common origin. In course of time these have taken on 
different biological characteristics in adapting themselves to 
the varied nature of their substrata, their various host-plants, 
so that in many cases they can no longer suit themselves 
to the host-plant of the original parental form. In fact, species 
were found with aecidia of similar shape when (K-curring on 
the same host-plant, yet completely specialized from the aecidia 
on another host. They thus present a stage intermediate to 
that of the “ habitat-races ” just mentioned. 

^v, Tubeuf, Botm. CfiUralfifatl, xu, 1889, p. 312, 

^ Hedtvigia, 1894, p. 77, and ISO.*}. 

Klebahn ’« views on this subject, along with further investigations on other 
fungi, will be found in Zdtschrift f. Ffiauzfnhrankhtitem, 1895, p. 153. 
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The european Uredmeae comprise the following families and 
genera Puccmieae {Uroinym and Pitccima) , Phragmidieae 
{Tnphragmium and Phragmidium) , Melampsoreae {Melampma, 
Melampsordla, Calyptospora, Coleo^ponurti, Chiysomyxa, and Cion- 
artium) , Uynmosporangieae {Gymnospoi angium) , Endophylleae 
{EndophifUum) , also the genus UiediTWpns on Ferns 

Uromycea. 

Teleutospores unicellular and produced m flattened son 
Only one teleutospoie is abjointed from each spoiophore 
Teleutospores witli a single germ-pore Uredospores, aecidia, 
and p}cnidia are not pieseiit in every species 

(1) AH Joims of span pusait on the sanu ho4-plmt 
Uromycea ervi (Wallr) (Britain) 1 Vetch-iust The aecidia 
are pioduced on Vmn hustfta in May and throughout the 
summer Scattered amongst the aecidia aie the son from 
which uredospores are sparingly given ofl m early summer, 
the teleutospores are gi\ cn off abundantly from the same 
son from Jul} on w aids The aecidiospores germinate on the 

vet(h plants, and pioduce therein a mycelium from which the 
aecidia and teleutosjwres arise Infection b} means of spoiidia, 
derived from tlie tehiitosj)oies, lisults in the production of a 
mjcelium ^^hlch bear'i aecidia only Pvcmdia (spermogonia) 
ait absent in this sjiecies and aKo in U fahoi 

U fabae (Pers ) [6^^ o/oln (Peis )J (Britain and US America) 
This occuis on species of Vuia and Lafhyius bon are formed 
abundantly and give <»t1 both uredospores and teleutospoies — 
the latter being smooth-coated No p}cnidia have as yet been 
observed 

U. tnfolii (Hedw ) CTover-rust Parasitic on various species 
of clover Uredo- and teleutospoies are generally produced, 
aecidia have been found onlv on Tnfolium npuis (Germany and 
Britain), T inimmtum (Ital>), T piaknst (Denmark, Britain, 
and America) On Tu folium jipini> both teleutospore and 
aecidium generations cause swelling and distortion of leaf-ribs 
and petioles, the deformation being most marked where the 
mycelium has hibernated and produced teleutospores in spring 

^ Tlie chief authorities used foi the occun enoe of the Ureiliiieae in Britain 
and North America are Plow light (Bntuik Lredmeae, 1889), and Farlow and 
Seymom (HohI Index fot U ls> Amerna, 1891) (Edit ) 
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XJ. appendiculatus (Pers.). pkaseoli (Pers.)]. On species 
of Phdseolm. (Britain and II.S. America.)^ 

tl. primulae 'Lev. On Primula hirmta. 

0. Hmonii (D. C.). On Armeria and Statice. (Britain and 
U.S. America.) 

U. polygoni (Pers.). On Polygonum and Pumex. (Britain 
and U.S. America.) 

U. acetosae Schroet. On Pumex. 

U. silenes (Schlecht.). On Silene and Dianthiis. 

U. euphorbiae (Schwein.). On Euphorbia PresUi in Italy, 
and some other species in America.^ 

U. geranii (D. C.). On Geraniums. (Britain and U.S. America.) 

U. betac (Pers.). On Mangel Wurzel and Beta. (Britain 
and U.S. America.) 

U. parnassiae (D. C.). (Britain.) 

U. aalicorniae (D. C.). (Britain.) 

U. Valerianae (Schum.). On Valeriana dioica (Britain). 

(2) Pycnidia (spermogonia) and axculia prod uc(d on 07 u host ; the 
related uredo- and ieleutospores on another host : 

Uromyces pisi (Pers.) (Britain) Pea-rust. The uredo.spores 
and teleutospores are developed in various species of Pisum, 
Lathyrus, and Vicia. The teleutospores are finely punctured. 
The aecidia appear on the under surface of the leaf of Euphorbia 
Cyparissias, and are preceded by pycnidia. 

Attacked plants of Euphorbia become completely changed in 
their appearance. The stems are much elongated, and as a 
rule remain unbranched. Flowers are seldom or never produced ; 
if so, they are permeated by mycelium and deformed. The 
leaves are short, thick, and rounded-off ; they have a pale-green 
colour, and are distant from each other on the shoot. Their 
internal structure is also considerably modified, Wakker states 
that the cells of the mesophyll become enlarged, while no 
collenchyma is developed in the ribs. Fentzling® gives the 
following changes : the epidermal cells become broader ; stomata 
are more numerous on the upper surface of the leaf, and fewer 
on the lower; the laticiferous tubes below the upper leaf- 

^ Description, illustration, and treatment in York Agric. Exixr, StcUion. 
BuU., 48, 1892. 

^Magnos, Berichte d, deutuch. botan. Gu., 1893. 

2 “ Untersuchung d. Veranderungen welche durch Rostpibse hervorgerufen 
werden.” Inaugural Dissertation. Freiburg, 1892. 
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epidermis are reduced in number , intercellular spaces are formed 
in the normally compact palisade parenchyma, and its cells 
become shorter and broader, while those of the spongy paren- 
chyma are increased both in size and number , the fibro-vascular 
bundles remain unchanged, although the cells surrounding, them 
may be more or less abnormal Where thickening of the stem 
takes place, it is chiefly due to multiplication of the cells of 



1 10 180 -£/,d, (V«* pm < orui.»arl8on of liculthy flowenng plant of Bup/wrl i 
6v;khh«<w with a much Uoiigittd non fl wuing jlaiit Iwaruig atcldia of Pes 
mat (V TuVeiif phot ) 


cortex, and pith, while at the same time those of the cortical 
parenchyma become somewhat enlarged and altered in shape , 
the woody portion is less developed than normally , and 
laticiferous tubes are neither so large nor so conspicuous as 
usual. 

The aecidia of this species are found only on the lower 
surface of the leaf they are saucer-shaped, and have a broad 
lobed white margin 
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As a preventive measure, it would be advisable to keep 
down spurge-plants near fields or gardens where peas are likely 
to be attacked. 

U« Schroet (U. S. America). Uredo- and teleutospores 

on species of Lotm, Medimgo, Trifolium, and sometimes Vicia, 
Pycnidia and aecidia are produced on Euphorbia Cyparimas\ 
the mycelium induces changes in the tissues similar to the 
preceding species, but the Euphmhvi remains stunted instead 
of elongating as in attacks of U. pisi. 

U. dactylidis Otth. Uredo- and teleutospores on species of 
Poa, Dadylis, Avcna, and Brachypodium. Aecidia on several 
species of Ranurwidus (not on R. Ficaria). (Britain and U.S. 
America.) 

TJ. poae Babh. Uredo- and teleutospores on Poa ; Aecidia 
on Ranvnctdus Firarin, R. hidbofnis, and R. repem. (Britain). 

U. lineolatus Desm, (U. imritiviua Plowr.).^ Uredo- and 
teleutospores on Scirpus maidfimus. Aecidial forms 
sii latifolii on Shnn and Acc. hippuridis on Hippurin, also a 
form on Glavx maritinm in Britain. 

0. junci Desm. Uredo- and teleutospores on species of Jiniatft. 
Aecidia on Pulicana, (Britain and U.S. America.) 

(.5) Only ur€dospo7rs und fcleutos]H>irh knovjii ; they frequent 
the same host. 

Uromyces caryophyllimis (Schrank.)^ Carnation Bust. [Tliis 
attacks carnations at all stages of growth. The mycelium extends 
inside the plant and forms spore patches which rupture the 
epidermis. Uredospores are produced first, then the teleuto- 
spores : the former germinate at once, the latter only after a 
resting-period. The use of sprays of potassium sulphide or 
copper sulphate, and the cultivation of hardy varieties have been 
recommended.] (Edit.) 

Uromyces scutellatus (Schrank.). On species of Euphorbia. 
The mycelium is perennial in the root-stock and permeates the 
whole plant. Teleutospores developed in dark-brown spots on 
the under surface of leaves. Diseased stems are generally un- 
branched, and cany' only small leaves and no flowers. 

^ Plowright, Gardener' g Chnmide, 1890. 

^HaUited, N. Jereeq Agric. CoU. Exper. StcUion Hemrt, 1891. Atkiiuson, 

Carnation Diseases,” Amtriean Carnation Soc.; with Illustratioiui. N. York 
Agric. Exper. Station Bulletin, 1898. 
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U tuberculatus P'litk On Euphorbia erigua 
U proeminens Duby On species of Euphorbia 
U sparsus (Kunze et Sthm ) On ^perqulana, a>id ^tellana (Britain) 
U. Schroeten De Toni On Lyihmt and Stlene 
U Cristatus Schioet et Niessl On Vmarm aiifl Dianthm 
U ficariae (8chuin ) On Rauvnculvs Emma (Britain and US 
America) 

U astragali (Opi/) On Utraqalnn (y ^ America) 

U genistae (Pers) On (Uainta, Ci/to^us (Wuha, Gakqa, C((/ agana, 
Onybrychu, etc 

U anthyllidis (Oie\ ) On Aitf/n/lln and htpmv^t (Britain) 

U. lupmi Sacc On Lupnm^ (I S Annika) 

U tngonellae I’at On ka\tsof Tiufou Ui h ocnum qrauvio in Fiance 
U glycyrrhizae lUlih On (thypihua 
U cacaliae (1) ( ) On AGmottyhs and ( <u tha 
U rumicis (Ntliurn ) On Houhi (Pnitun) 

U alpinus (vSchroet ) On Ituov > alpmos Ma<;nus’ has iecentl> sqi 
aratid this as the sinj^lt, spttus of a new ^enus Schroetenaster, allied to 
and Pomiua Tin uudosjHiies aiise fioni patches of sterigmata 
without ]»endia or jiatapln^s the\ an unicelhilai and ha\e lateral 
^eiin poles The teleutospons au ilso inmi llular, and foini lentil shaped 
jiatches composed of tut oi nnut hiiers of sjioies tlu spores ha\i a 
somewhat thickeiud npe\, but no distiint ^eim {xue 

U chenopodii (Dub\ ) On ( hi nopmh h m and ^ihohetta 
U tercbmthi (D C ) On /'/>// u and Ith (I S Anitina) 

U. brevipes (B et R) On AVms Tom nh uihon in \iueiica 
U ambiguns (D ( ) On Mhum lS( oiodopnaum 
U. acutatus (Fuck) On Ghum 
U veratn. (I) (') On \i)<ttiuin 

U. alchemillae (Peis) (P>ritiiii) This is a species whicli 
m liabit resembles u Phxnfmuhum, aiul is sometimes regaided 
as a rejiresentative oi a sejiaiate Mpwvxh —Ttaehfspoxt (Fuck) 
It forms patches of i eddish-} ello\v uiedospores or brown teleuto- 
spoies on the lower siiiiace of lea\es oi AkhtmiUa iiih/nns 
Aecidia are unknown 

(4; Pyiintha, ax (dm, and idt iduspoub on the same hod-pkmt , 
imdosport s unknoii'n 

Uroxnyces excavatus (I> C) Magn On Euphorbia Gd- 
ardiana, E. virnicvsa^ etc 

U Bchenis(DC') On Sdene (biitain ) 

U lapponicus Lageih Ou Astragalus in Norway and the Alps, aecidia 
only in the latter localit} 

Beruhte d deutsch botan Ges , 1896, p. 130. 

Y 
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U minor Scliroet On Trifohtitn montanum (U S America) 

U hedysan-obscun (DC) On Hedt/sarum in Europe and America 

U scrophulanae (DC) On Scrophtdana and Verha*cum (Britain) 

U erythromi (DC) On Ldium, Miiscan, Salla, Alltum, FntiUana 
<U S America) 

(5) Teleutospores alone Inoiim , after death of the hont they 
undergo a resting-period, then germinate 

U sohdagmis (Somm ) On Sohdago i irgaurea 

U phyteumatum (D C ) On Phyteuma^ accompanied bj elongation of 
the leaf stalk 

U sciUanim (Grev ) On Scdla and Mmcart (Britain ) 

U onuthog;ali L^v On (tmahogalttm and (taqia (Britain ) 

U colchici Massee On Coldncum fpectahdm at Kew ' 

( 6 ) Televto^wres atom 1 noun , getnvinating at once on thr 
limng ho<it 

U palhdus Niessl On ( ytmts 

( 7 ) Only teleuto^ore<e and j^yenuha Jnovn, jnesnit on the same 
host 

Uromyces Teppenanus sacc- Tins cause*? on twigs ami 
branches of Acacue a deformation consisting in an all round 
swelling follow'ed b\ rupture of the iHnderni and the de\elop 
merit of brown teleutospoie pritches on tlie exjiosed wood Tepjier 
found in South Australia shrubs of Aeaeia saheimet and A 
myit'ifoha attacked and killed the former near Adelaide being 
almost exterminated He also found it prevalent on Acacia 
sjnniscens, A halandes, and A mi//tifoha in another part of 
Australia (Murray Bridge) 

The same fungus was found b} Warburg on Alhizzm nwntnna 
in Java, likewise b} Solms-Ldubdch and Stahl (big 181) 

Magnus^ found that Warburgs specimens showed the rupture 
of the nnd only on one side, those of Stahl, however, agreed 
with the Australian specimens On investigation of the galls, 
Magnus found a multiseptate and intercellular in}celium with 
numerous and somewhat branched haustoria The formation 

^OrtmUea xxi , 1892, p 6 

•Ludwig, “Eine neue HoKtkrankheit austral iBcher Aka/;ien, Ctntralhlatt / 
Balter u Parantenkundt, 1890, p 83 , further UtdHui$a, 1889| and Forat 
Itch natunotas ZtttHchnft, 1894 

‘Magnus, Ber d eleutach botan Omell , 1892, p 195, HanBings, Fwujt 
Warburgtant, Hedungta, 1893 
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of pycnidia precedes that of teleutosporea The latter have 
a flattened concave base and rounded apex ; their episporium 
is marked with delicate ribs running from apex to base. 



Pin 181 — Uromucei Teppti inHu» ou twigs of Altuzzia montana brought by 
Prof Stuhl from Java (v Tubeuf phot ) 

Puccinia. 

Teleutospores two-celled, and each abjointed from its own 
sporophore from large distinct son. Each cell has as a rule 
only one germ-pore. Uredospores, teleutospores, and pycnidia 
(spermogonia) are not known in all the species. 

(1) Pycnidia, aecidia, nredoaporcs, and teleutospores deotlop on the 
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livmy hod. The latter, htnriie7, qerminah only on diath of ih 
host mvd after a reMii^g-pn'iod {Ea-puennm, Schnxtei) 

{a) A^iteupuecnnm all forms of spme an pusud on th saint 
hod-plant 

Puccinia helianthi Schwem SunHower-rust This (laiigei- 
ous enemy of Heli/inthns was hist obser\ed in South Carolina 
and Pennsylvania U S Ameiica In Europe it a])j)eaied first 
to a serious extent in llussia, where the sunflower is cultivated 
on a large «cale now it has a ^er\ general distiihution In 
America it attacks both suntlowei {H tomnns) and .lerus.ileni 
artichoke (H fnht/osns) hut its pies^me on the lattei is is 
yet doubtful in Europe The mycelium a])])ears hrsl in the 

lower parts of the jdant and the nee extends ujiwaub its 
presence is indicated b\ large brown le.if-spots, on winch the 
uredo-patcdies .irise about the end of June The leh uto^poies 
make their appeaiance in autumn the aecidia and punidia in 
spring {Att hthanlhi W(u ) ( omb.itnc ineasuies consist in 

burning, or otherwise destroMii^ all suntlowei debris in autumn 
P. cirsii Schroet On Ctudmis huotolatf (Ihitain) 

P. prenanthis (JVrs) On Titnttntlus Latfnta and Mi/hy 

dinni (Ilritain and C Js Americ.i ) 

P. lampsanae (schult/) on Ltnopstnot (ihitam > 

P. montana Fuck On (\ntiin,ta 

P. Violae (Sebum ) (Britain and Aineiica) Jhc \ io]( i 
rust This paiasite appears on both wild and cultivaltd spoc les 
of Viola, and fiecjuentl\ causes much damage Malfoimatioii 
and stunting of tho host ma} accompaii} the loinnlion of 
aecidia Fentzling iinestigated the swollen outgiowths pioducc'd 
on the lower surface of the \iolet lea\(*s and fcaind an me least 
in all forms of the leaf-jiarenclnma , the s]»ong\ p.iren(h\ma 
included more cells, while both sjiongy and palisade parenchyma 
consisted of rounder cells more closely packed togethei th.in in 
the noniial. 

P aegra Oiove On Vwla nunnta, (*U , and somewhat 

different from the last species (Britain) 

P. mirabiliBsima Peek On Bn In ns upnus in Ameiic^i 
P. silenes Schroet On Sdnu and LyihntJs. (Britain ) 

P. pimpinellae (Strauss) On Pimpiiulla, (Jhmrophyllnm, 
Anthrm'us, Myrrhu, Atluimontha, Odtnritm, Angthca, Htradtuni, 
El yrigium, etc. (Bntain and V S America ) 
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P. saniculae Grev ()u Sannula emopaea (Britain and 

U S America ) 

P. soldaiUellae (DG) (Britain) "On various species of 
Solddn^Crlla Tins disease is often very common in the mountains, 
and IS conspicuous because it attacks only leaves here and there 
on a plant The lea\es lire jellowish with petioles distinctly 
elongateil , then laminae, which hear aecidia on the lower side, 
are smallei and somewhat cu])-shaped Diseased plants do not 
seem to bloom 

P. menthae (iVrs) (Britain and Ts AnieiKa) This is 

a most destructive rust to all kinds of cultivated mint It 

attacks sjnicies of mail} ifenera of Lahiatae 

P. calthae Link and P. Zopfii \\ mt r)n CaJfhn poluslns 
111 Euio})e and North America 

P. epilobii-tetragoni (!)(’) {P jmln , iih nfa (iie\ ) On 

PJpduhinw (Biitaiii and I ^ Aimrica) 

P Peckiana Howe [P intnsfifiahs (Schlecht)] This species 
occurs on several s]>ecies of llnlnKy m Aim rica, and causes con- 
siderable damage in hlacklaiiv ciiltun ' 

P gentianae (Miau&s) On (Tuitian (hut, on and I s Amenca ) 

P galn(l^l^) On ( Klim 0 ind (^^ (*odmH) Tlit ttlentosjtmes 

lulu I natt (111 tlie dtad steins (Hiitaoi uid I 's Aineina ) 

P convolvuli (IVis ) ()\\ < (nuoh iiliis (Hilton ind 1 S America) 

P pnmulae (I) < ) On species of y^/z/o/Z / (llritain ) 

P obtusa Schi ot t On '^kIuu lotn ilhit t 
P thesii (I)es\ ) On Th Kiiin (Hi it mi and I S America) 

P albescens ((i I e\ ) On Idoxt )f<Kch itilln a (Bntain) 

P aristolochiae (1) ( ) On [nitohxlni 

P asparagi(I> ( ) (Hiituiiand I ^ Anuiua) Asparagus i ust The 
tc leutoKpores lid>eiii<ite in di\ lemaiiiscif the pi ints, \clnch should therefore 
Ik hurnt m autumn 

P porn (Sow ) Onion lust On both wild and cultivated Alhnm 
Sometimes \en destiiutivt to chives I •« hiH.iinpiu'iHtn) (Hiitain ) 

{h) If(fc} ( upm t (inn. Uiido'^pons and felt Kfospous dddoped 
OIL (( /(osl ofJid than that of th* pt/midin and antdai 

Puccinia graminis Bers (Bntam and I S America) Black- 
rust 01 summer-rust*^ Uredo'^pores and teleutoepores occur on 
vaiious species of Grammeae, the pycnidia and aecidia on 
species ot Bohns oi Mahoma 

' Clinton in Bejioit oj Aip utiltitnl Station of I niierufy of llhnots, 1893 
"'A valuable monograph on the i lists of cereals has been published by 
Eriksson and Henning {Die. (ieheidetoiti, Stockholm, 189()) 
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The two-celled teleutospores arise from cushions or sori 
which form black lines on the haulms and leaves of grasses ; 
they hibernate on the decayed remains and germinate in spring. 

Each cell of a germinating teleutospore 
gives off a four-celled basidium (promy- 
celium), with four sliort sterigmata from 
each of which a basidiosj)ore (sporidiiim) 
is abjointed (Fig. 182). The sporidia are 
carried off the grass-host and germinate at 
once if they alight on leaves or flowers of 
Bcrberui or Mahonin (Fig. 183). Germ- 
tubes are formed which penetrate the outer 
w’alls of the host into the epidermal cells. 
The mycelium which results is a branched 
septate one, and spreads through the inter- 
cellular spaces of the leaf. About eiglit 
days after infection, little yellow s])ots make 
their appearance on the upper surface of 
the leaf. Embedded in the si)Ot8 will he 
found the pycnidia (spermogonia), spherical 
flask-shaped enclosures developed on a web 
of hyphae, and with their inner walls clad 
with short rod-shaped conidiophores (sterig- 
mata), each of which gives off a tiny coni- 
dium (si)ermatium) (Fig. 184). A tuft of 
periphyses arising from the upper part ol 
the pycnidium wall carries the conidia out 
of the pycnidia in drops of a honey-like 
fluid emitting a characteristic colour. In 
regard to the function of these conidia 
nothing definite is known. 

The next stage begins with the appear- 
Pio. {,ra>n- ancc of ycllow spots on the lower eijidermi.s 

inu. Oenuinatiiig • i- * *i <• 

spore. The promyceUuni ot icavcs. J hcse indicate tlic ])resence 01 

has formed three sterigmata, .. „ i • i i • i- . i 

from the ends trf which a inyccliuin irom whicli the aecidia take 
aS?nctioBr(i5ter^^ their origin. The aecidia are at first en- 
closed in a oue-layere<l peridium under 
the leaf-epidermis, till by their increasing size they rupture both 
coveru^, and project above the surface as cups containing 
spores (Fig. 184). The aecidiospores originate in a layer of 
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hyphae forming the bottom of the aecidium-cup. These hyphae 
give rise to numerous short sporophores, from each of which 
a single long chain of spores is abjointed in basipetal succession, 
the spores being at first separated by temporary intermediate 
cells. The sporophores round the margin of each aecidium do 
not, however, give off spores ; they also produce chains of 
cells basipetally, but these grow larger and, without the inter- 
vention of intermediate cells, remain sterile and become joined 



Fio lh3 —Puccinio ffiaminm (Aectdium on Berbens eommunis The 

lowest loaf and two othoi's are seen on the upper surface ind show red spots with 
light margins, in which the pccnidia aic embedded The other leaves show the 
under surface with patches of oceidia {\ Tubeuf del ) 

to their neighbours to form tlie peridium. Diseased portions 
of leaves become considerably thickened. The cells of the 
single layer of palisade parenchyma are abnormally elongated, 
and the intercellular spaces of the spongy parenchyma, instead 
of being large, are small and filled with mycelium. The aecidio- 
spores escape in July to germinate on Gramineae. The germ- 
tube enters the host by the stomata only, and develops into 
an intercellular mycelium ; this in about eight days produces 
uredospores from cushions or sori which form lines, and break 
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through the epidermis. The yellow uredospores are abjointed 
singly from long sporophores ; they are unicellular and ovoid, with 
a thin grdhular coat beset with germ-pores (Fig. 184). The uredo- 
spores are easily conveyed to other grass-plants and germinate at 
once, their germ-tubes entering by a stoma and developing into 
a mycelium, which can produce a new crop of uredospores in a 



Fk. Ibi — I'ucania praiuntf A of traunicix. of lenf of Bfr/orw 

I'iduarit. with a joiiiig aetidiuiu uiKltr Iht cptdei iiiii., < 

I Section thnnittli au accidniui iicuruiif arx't of ii IhulierTi leaf At » the 

uormal atructure and thu of tin Uwi tx hIh>wh, the |iortion u to # ii> 

dbuormallv thickened, to <> upper xurfiu. of th< leaf, |i>ciiidla , n, auitdia 
in Hcc'tiori . /» their fiendmm The «cm idmm luatkc'd /» alone (wiUiout (t)alM»wt< 

.1 peridium exiKi»«d in Kinfact vk» unit 

II Matun U-lciihidiion imUIi breMkini; thiwiKh the epldenuw, », from the 

tisane, 6 of a leaf of Zxt'CioM , t, tekut<ia|Hirvn . 1»0 

III Teh ntosjxjrcf and uredosporeK. .k The UloiiUi«|a»re has « ifenn |>or< 
at Its apex the uredos|»>rcs hacc four K^rrn |H>res tt their equator ^ SiO 
(After lie Ikirj, from Sacii » LthrUuch ) 

few days. The uredospores are summer-spores, and spread the 
fungus during the vegetative period of the host-plant ; they may, 
however, hibernate. The teleutospore^ are more suited ft»r 
hibernation ; they are produced in autumn from dark brown 
linear sori, distinguished from these of the uredosjiores by their 
darker colour and greater length. The teleutospores are two-celled 
and olxivoid with smooth thick walls (Fig. 184); they are, like 
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the uredospores, developed from long sporophores, and are in 
this way distinguished from those of Pmt udm/o-vna, which 
are very short. The teleutospores germinate in spring after 
hibernation, each cell giving off a single germ-tube 

Both uredospores and teleutospores are injurious .to our 
cereals — wheat, oats, and rye They may also be found on 
the following species of grasses Afithoxanthvm, Alopecia u<i 
F/doim, Af/)o<iti% Ana, Avena Brim, Anhenathci um, Foa, 
Da(fyli% Fi^fwa, Bnnnas, Trifintm S<cah, Eb/min Honhum 
Lolmm, Agiopipam Avihojiiyon Bnfzoptinim etc 

The disease ina} rum a whole harvest of gram and render 
the straw disagreeable if not dangerous, for stable use (see 
also p 84) lienioval of barbeiry bushes is said to reduce the 
rust, although man} believe tliat the barl)err} is not necessary 
for the existence of the fungus^ Plowright, for example found 
that spoiidia from teleutospores infected wheat-seedlings directly, 
without intervention of the aecidiospore stage It is also possible 
tint the mycelium hibernates like that of Fmc ruhgo-uia in 
some wild glass to grow again and produce uredospores in spring 
\o ver\ efftctivc measures against this fungus are known 
Laily sowing has lacn suggested, and certain varieties ot grain 
kiK)Vvn to be h ss luble to attack than others, might be used 
Knkssoii and Henning" from the results of their mfection- 
experiments, liave provisional!} distinguished the following 
varieties of 1* mamnns 

A DchniU — (a) distinct vaiietics 

1 Var s((ahs on Bnalt nnaU Honhain udgair, Trdicim 

and Ely mas atoianu'^ 

2 \ ai anncK on Airna safna Mtlnnn Alop<ciniis 

piaftnsii,, I)acft/li'< (jhnnnadi (and Anna didioi) 

3 Vai anai on Ana ((asjnfosa 

(j8) somewhat uncertain vaiieties 

4 Var agiostis on Agiostis lannia and A siolonifiin 

5 Var. 2 >oai on Foa nnnpnssa (and F piaUmis) 

B Hot shaiply dehned 

6 Var tniid on Tutu am milgau 

’ An interesting discussion of this subject is given by V\or U Snath (Di^eanen 
of Ctopt, Chap \x\ ) (Edit ) 

^Eriksson and Henning “ Untersuchuugen ub d Getieideioste, ’ 
f PflanztnkranUietten, 1894 
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Puccinia coronata Corda (Britain and U S Amenca ) 
Eriksson, from his own experiments and those of Klebahn, 
distinguishes the following specialized varieties 

Ser I Aecidia on Mhammis cathaHica, Hh eheoicU^ Rh 
grandtfolw, Rh alnifoha {Puccinm eoronifcra Kleb) 

1 Var avcnai on Aw?ia safna 

2 Var alopicvri on Alopfcurv^ ‘pratmm 

3 Var fc^tumc on Festnia elatwi (and F luha) 

4 Var loin on Lohum pcnnm 

In addition to these, Klebahn found a form on Arena e/atio), and one 
on Rolcm hnatvjty in regard to whose Mpecialization nothing m known 

Ser II Aecidia on Rh<nnnus Fiangula {Puccinm connmin I, 
Kleb) 

5 Var calamagrostis on Calamagrostis nnnidinnoa (and 

C IfinccolcUa) 

In addition forms on Dactyh* glomerata, Festuca itifhati<a (f Fiat 
gthherMa Lagerh ), Agrostis nilqanH^ HoUva Innatm ('* // moUig), and 
Phalaru arundtnacea, 

Ser III Aecidia on Rhamnns dalnoun {J^iuc <oionnf(( iai 
hnrmlcnsis, Bard ) 

Indian forms on Brachypodmm gyhaticum {Ptptathmim /lulafoniK and 
Fegfnca giqantea^) of which nothing more is known 

Sei IV Aecidia unknown, probablj do not exist 

6 Var mc/ica( on Mdua nutaiib 

Amongst our cereal crops the oat alone is attacked b} this 
species, and much damage nla^ lesult 

The uredo patches have no paraph) ses like the jireceding 
species, and they form reddihb-jellow s|)otN and stripes tin 
teleutospore-patches are black The upjier cell of the teleuto- 
spores is surrounded b) a crown of six or be\en blunt teeth 

The presence of aecidia on Rhnmuus is accompanied b\ 
thickening and twisting of }oung shoots, and blister like de- 
formation of leaves, cal)ces and ovaries Wakker* thus 
summarizes his investigations on the anatomical changes induced 
by the fungus on Rhamntis Frangula “It causes the cells 
of every part to become abnortuall) enlarged, at the same time 
giving nse to an orange coloration ol the cell-sap and an 
accumulation of starch , theie is no longer any formation of 
interfascicular cambium, and there is a partial or conijdete 
* Wakker, Fnngghetm g Jahrbwh, 1892 
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suppression of secondary vasa, mucilage canals, and calcium 
oxalate ” 

The deformation induced by P coronata on Rhamnus catha't tica 
was investigated by Fentzlmg^ The changes were relatively 
slight • the parenchymatous cells of the rind were, enlarged 
and separated by large intercellular spaces , so also the paren- 
chyma of the bast , vessels were more numerous in the wood 
affected, the epidermal cells in some parts of the leaf were 
broadened and those of the inesophyll enlarged, abnormally 
shaped, and with large intercellular spaces , in diseased leaf- 
stalks the epidermal cells are thinner- walled and broader, while 
all parenchymatous cells become enlarged, thinner-walled, and 
with many intercellular spaces , the hbro-vascular bundles are 
enlarged, chiefly from an increase of the wood-parenchyma , this 
tissue, in normal petioles, occurs as single rows of cells running 
radially between the vessels, whereas, m diseased places, three 
parallel layers of cells may separate neighbouring vessels 
P. dispersa Eriks et Henn llrown-rust (Britain) The follow- 
ing specialized varieties ol this sj^ecies have been distinguished 
Ser T Aecidium on Anchu^/t anaisis and A officinalis (Act 
anc]nisa() 

1 Vai steal is on Stenh tueah ~ 

Sei II Aeciduiin unknown (Whether distinct varieties, 
somewhat uncertain) 

2 Var tiifici on Ttiticum lulffax 

.* Yar hiomi on Bumias arnns-ts (and £t Imzcufm'mis) 

4 Var atjiopi/ii on Ttiticvm icpcns 
P mbigO-vera (1> c ) (P sti a minis Fuck , P sti laefoimis West ) 
(Britain and U> America ) This, in its uredo- and teleuto- 
spore stages, frequents various grasses, while the aecidia occur on 
Boragineae A variety on species oiEordtum has been designated 
P. simplcji. The teleutospore-patches are enveloped in numerous 
brown paraphy&es , the teleutospoies have veiy short stalks 
The anatomical changes pioduced in leaves beset with aecidia 
have been stated by Wakker a- follows The swelling of the 
leaf-petioles is due to enlargement of their cells , the large 
intercellular spaces of the spongy paienchyma are no longer 

^ Fentzimg, Iiiaugural Dixuertatwn Freiburg, 1892 

2 Found along with the Aecultum at Montrose (Scotland) by Prof J W H 
Trail. (Edit ) 
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present, the palisade layer is doubled, and rupture of the 
epidermis takes place; chlorophyll-formation is suppressed, the 
cell-sap beootnes yellow, and starch tends to accumulate 

P. dispersa may cause senous damage to wheat and rye , P 
rufbigo vem, also on barley and oats The spore-patches are 
found on stalks and leaf-sheaths more than on the lamina The 
mycelium may hibernate in grasses, so that the fungus is not 
dependent on the aecidial stage , toi this reason the disease is 
not easily combated 

P. glumarum Enks et Henn Golden-iusl This species, 
hitherto general!) included under P mhup kki (1) V) has been 
separated b) Eiiksson and Henning^ Experimental infection 
on Boragmeae ga\e negatne results 

Eriksson distinguishes the following specialized xaiietus ot 
this species 

A Definite (and undoubtedl) distiiut) 

1 Var hUici on Tiihaim uihfaif 

1 Var Ivonhi on Huidimu n/hfan (Munewhat nnc(itain) 

■1 Var Ai/mi on Ph/rntts (tHnnuu 
4 Var aqropyu on Taftnnn 
B Not sharph defined 

"i V.ir siudis on Si cal f ifnah 
The uiedospore son are lemon-\tllow in (oloiii and form 
lines on the leif-blade which ma\ lun togethei and rtach a 
length of 10 mm Hie tideutospore-soii form long, fine blown 
oi black lines the son are di\idid into numerous ihimbtis 
each enclosed in a circle of cur\ed brown pauiplnses i he 
spores germinate in the autumn of the same )ear The jmt- 
m}celium is )ellow till tho spores are ubjointed iii this w i) 
it IS distinguished from P dispuha 

P. poamm Niels (Biitain) I redo- and teleutospores on 
Poa According to Nielson the aicidia occur on Tiissthufo, 
PitoMtis, and Adt nostyhs heiit/ling {Uk iit) has dt^scribed 
certain anatomical changes which accompany deformationh due 
to the aecidia 

P phlei pratensis Enkn et llenu ThiH has a hiberiiatuig iii\<elium 
which produces uredospores loiitiiiuouKh on PhUum and prol>abl\ alw) 
on F«*twn Aecidia ha\e not as )et )»een uhserxe^ 


Kiiksson and Heiuinig \ioc at ) 
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P agrrostidis Plowr ‘ TeleutosporcR on Agrostu vulgaru , aecidium = 
Aec aquilegiae Pers (Britain and U8 America) 

P festucae Plowr > Uredo and teleutosporcH on Festiua ovina and F 
durmacula , aecidinm= \ee ppncigmeiu Schuni (Britain) 

P phragmitis (Sthum ) Uredo and tel eiit os pores on PhraqmxttH 
Aecidnim = Jr’c ruhellum on Rumtj mspvs and other species ‘of Ihimei 
also on Rheum (Britain and U ,S America ) 

P Trailn Plowr Uredo tnd teleutospores on Fluaqm}te<< tommums 
Aecidium on Rumt > Aieto<tu (Britain) 

P Magfnusiana K orn I ledo A\\i\tt\twU>^\i(ni‘so\i Ph7C(gmi,t(s commuiu^ 
Aecidium on liauuuculuK r<}>em (Bntain)- 

P. moiiniae lul Uredo and teleutospon s on Moh/nu > ocndea Aecidiuiu 
(according to Bostiujisoiit of dooi expeimieiits), on On repens, 0 mancula ; 
piohabh also on otlui Oidiideac (Bntain ) 

P neraoralis Jiul lielo and teleutospoies on Muluna (otn/ha , 

aecidium ( Icr mdampqn K/e et Srlmi) on Mdampifumi prntenae 

P austrahs Koin I ledo uid tc leutosjioies on Molnna in T^iol , 

aecidium ( Itc tratuw, acc udiii/ to Pi/schkt) on ^<dum teflexe, S acr<, etc 
P. perplexans Plowi licdo uid teleutospoies on 
aecidium on Ramnituhis aim (Uiitain) 

P persistens Plowi On 'I/ituuiu itpnn Atci hum =de,f thahUn 
(Bntain) 

P seslenae Heuh On (oerufea Aecidium on Rhamnus 

m I ntdt'i 

P Winteriana M ign ' (/' scss///s, sdm ) I ledo and teleutospoies on 
Phnidii'f <11 un<fiu(i( < a Aecidium on AUiuiu untnum ( lee ullmtum Rbh ) 

P sessihs Selin (including I* dt fiaf>hi<hs hoppitt and F pandis PIotm ) 
(Biitun) Uredo and teleuto>puies on Phafaw (trundincicea Aecidium, 
accoiding to Sojipitt,'* on Com dlana majah'^ also on Majantheimtoi^ Pan^^ 
Po/i/qouatum, Lihnm (uuddtiiu and i^f/<ptopiis htuna Klehalin s expel i 
luentseonhim the lelationship of the aecidium on Majanthemum Comallmta, 
PoOp /omit ton, and l*aNs 

P phalandis Plowi On Pladaus atmidnuKca Atcidium ( let o/i) on 
Arum italumn and I mmulatum (Britain) 

P agropyn PjU et E\ On {<popg)um Aecidium = Jet cleniatidik 
1) C on Clematig \ttdba and ( ncta^ etc, in Europe and Anieiica 

P caricis (Sclmm.) (Biitain and U b. America). Uredospores 
and teleutospores on species of Cara Aecidia, accoiding to 
Magnus, on Uiticn (Fig 185) The same author also believes 
that the uredo-stage can hibernate 

^Plo\inght, Oremllea, \\i , 1893, p 109 

^Klebahn / Pjlanzenkrankhe%ttn, 1892) couhnua Plowright a observa- 

tions on this 

•‘Magnus, Hednmjta, 1894 

^Soppitt, Journal of Botany, 1890 
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Stems, leaf-stalks, and leaf-nervature often undergo one-sided 
thickening and curvature ‘as a result of formation of aecidia. 
Wakker thus summarizes his observations on the anatomical 
changes in these malformed parts of Urtica : there is an en- 
largement of cells and an increase in the number of large inter- 
cellular spaces; no formation of collenchyma, interfascicular 
cambium, and chlorophyll; a diminished formation of calcium 
oxalate ; an orange coloration of the cell-sap ; and a distension 
or rupture of the epidermis. 



FiC. Ibj.— /-«ainm caruit ou .\iUU. Tht- tuM nlial ciuliioiivluiVv oumkI 

swelling and diHtortion of atcuiit and Icaf-fttivIkH, al«o RwoUeii ontgrawtlw cm the 
leaves, (v. Tubeuf phot.) 


Klebahii and Magnus believe that there is a Pitcrinm on 
Carey: acuta and C. Gowlnunajhli related to an Arndinm on 
Rihei^ Grosmlarm, Ji ruhntm, and JL aim vm ; alwj a Puccinm 
on Carex riparm with an Acri/Imm on liihoi mtjrum. On this 
account Klebahn^ distinguislies 7Vr. CAtricia l,, ll., and ill., 
agreeing respectively with P. Primjstuimmmt Kleb., P. mricifi 
(Sebum.), and P. Maymmi Kleb. 

P. Schoeleiiana Plowr. et Magn.* (Briuiin). Fredo- and 
teleutospores on Carex areimrla ; aecidia on Senecio Jarohaea. 

'KleVmhn, Ztitnchrifl /. PJlamenkrunklititni, )»92, 1K94, and lSil5. 

- JJfdieiifia, 1886. 
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P sylvatica Schroet (Bntain> Uredo- and teleutospores on 
Carer, aecidia on some Compositae Schroeter^ regards an 
A('( Kham on Tara/ncum ujfficiTmle and Seneno Tiemorttmi as 
1 elated to the teleutospores on Canr hrizmfha and C ptaceox 
Klebahn 2 reared aecidia on Tara^iamm after infection with 
teleutospores from Cam nrnmria , E Fischer obtained aecidia 
only ou Tara uirum Dietel ^ regards AccvUiim 

Hardanar on Ar<tium La}yj[)a as related to this sj>ecies 

Attacked leaves of Tarcuiacum are frequently much deformed, 
stunted, and twisted Those of T njfidnaJr have orange-red 
warts on the lower surface, and there Fentzling Coe nf) found 
both spongy and palisadt parenchyma increased and more or 
less deformed, tlie cells being elongated and enclosed in 
by ))h!ie 

P leucanthemi A((r>r<ling to L lisohei tht iiitdo and teleuto 

Hputx HU fmiiid f»n font nttutmt the autdia ( hwrtiHhena) on 

( linfifiiiaftfittttm I » nunithfMHvi 

P teniustipes h’osti I udo and tt ltutoH|x>ie« tm mrnotta, 

uiulia (in i mt nnt i 

P arenanicola IMuwr (t M i^n On C mt men irio aecidia = ler <eitt 
mtrt It on C /itt/ri Britain 

hd Fisdni found tint tin ><|hcuh (f /V t/ iff on ( net mtmtfXha one 
with lU ae( idi 4 on ( mt tnn t fdnonn tin otlnr on ifutmirea mont tna) 
UK >)Miih<all\ dideitiit 

P limosae Magn I ledo iiid teh utosjKues on iarei hmoin it( idia 
on I If jti III It III I (Iti/reifti! I ind / m/ffii^* 

P exteosicola 1’1< w (Hiitiin) I udo «ind U leiitosjxiiex on Cure./ 
fitfiiJii aecidia on IfO/ Tnfolfiim 

P dioicac Magn (Biitain and I s Amenta) I ttdo and ttleutt»s]»ore8 
(ill Cttrtj thou'fi and ( Ifti tdntnu attidm on ( t/xHo/i (aitoiding tti Kostru]» 
ilid Shioetti) 

P firma lUttel Teh utt^sfMiu- <in C au t nniut net. kIia ox\ IMht hast nini 
P vulpmae '^ihrott I utlo and tt leiitosjxues on ( irei tiiJ/mia 
a»(idia on i hrifsaiitheniHin Tan uttifin 

P paludoaa I’lowi (Biitainj I redo and tehutosjHirts on ( om i luhtirf 
»U Plow light goes AtiithiiM f^dt niatis aa the aetitiial fonn The 
attatked plants of Pednidari* aie ofitii toiisidti-ably deformed 

P uUg^osa Juel® I redo- and ttleutoapores on (aiei lulffans, 
‘ l*il t Srhlenn'm* 

*Klebahu, Zettmhnfl f Pfian^enlraukhtiten ll ISJW 
‘ Dietel, Oe»ttrrt\eh fiotan Aettunq, li»89 
''Magnus, Tayibl. d Xatmfotnrh Vtiems in Mumheu, 1877 
* ijchroet^r, Pdze Sihhiaem 

" Juel, jkfyeofo{/ iJeiC Vetemeaiis Akad Ftnhandi, 1894. 
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aecidia (-dec. parwmiae Schleclit) on Parnassia palustri*.i Spermogonial 
pycnidia are unknown. 

P. sdfpi D. C. (Britain). Uredo- and teleutospores on Scirptis; aeci<lia, 
according to Chodat, = nymphcueoides on Nywphaea^ ^uphuTy and Lim,'- 
nanthemum nympkaeoide*. 



Fic. IH^. — PucciuUi marcoldti on Cir$ium arrentt. Tlie plan tM are atnwmMUy 
elongated ; the leaves have reniained aniullcr luid aimplcr, and »ire thickly lieaet 
on tlie lower aide with patches of chocoLite-browu uredoaiiorus. (v. Tubeui phot.) 


P. eiiophori Thiini. Uredo- and teieuto8|x>rea on Eriofthoruui lattfuiium 
in Siberia and Denmark ; Itostrup gives as the aeeidial form Aec. nherariae 
Rostr. 

P. obsenra Schroet Uredo- and teleutospores on LmtUu; aecidia on 
I}dli$ perenms (Plowright). (Britain and U.8. America.) 

P. teptentrionalib Juel. Uredo- and teleutosjjores on Pulyyoumn viri- 
parutti'y aecidia (Jec. Sommerfeltii) on Tkalictrum edpinum in Scandinavia, 
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Iceland, Greenland, and Switzerland. Jnel states that this is the only 
heteroecious Puccinia whose uredo- and teleutospores inhabit a dicotyle- 
donous plant. 

(2) AecUJia are ctbserU ; jryenidia , iiredonpores, and teleutospores 
developed on the same plant. {BroA’hypiteicinia^ Schro€t.)y 

Pncciilia inaveolens (Pers.) (Britain and U.8. America). 
One form on Cirsiiim arvense, and a second on Centaurea Cyanus. 
Pycnidia and uredospores appear first, then teleutospores develop 
amongst the later-formed uredospores. 

The shoots and leaves of attacked plants are permeated with 
uiyceliuni and rendered conspicuous by their elongated shape, 
lighter colour, and smaller, less lobed, softer leaves (Fig. 186). 
Iliseased plants bear no flowers. Wakker on investigating the 
disefisetl stems foun<l ; non-development of those sclerenchyina- 
sheaths of the primary tissues situated towards the interior of 
the st(*m, whereas tliose towards the outer side sliow secondary 
thickening: irregularities occur in the interfascicular cambium, 
80 that the phloem becomes abnormally developed and propor- 
tionati'ly more extensive than the wood, it may also be divided 
by a Ijaiid ot sclerenchyma, 

P. hieradi (Schnni.) (Britain and T S. America). On numerou.s Gom- 
jHMitae, e.p. (\trlinay Cirxtmn, ('<trLiuuA. ('*‘^ntunrea^ I^ontof/on, Scorzouera, 
CrepU, Uitsraciiimy Otc/nfrunn, etc. 

Plowright tlistiuguiNlieM two allied specie^ ( 'ompositae, viA P. 
centtinronf^ Mart, on t V/i/oMmf myra, and P. tnnuort Plowr. 

P. bulUito (Per«.) (Hiitain ami I'.S. America). On Umbelliferae, e.g 
Apium, Petrirniinum. Sdutum, Comt/m, Am't/onn, etc. On culti- 

vatetl (eg. ParhIeN, Ihll, (Vler\, eU.) it ma} prove troublesome.* 

P. oreoselini (StnniNs). On Peuredunum and Se«eU. (I'.S. America.) 

P. helvetica iSthr«H*t On A/tfH'rula tannua. 

(3) Urt'dospore.\ and fth vtiisjntres alone knoion. The related 
pycnidia and aeeidia hart either not as yet hren traced, or do 
not exist. (Ifeviipuecinia, Srhroet.): 

Puccinia sorghi Schwein. {Pncc. nut yd is Ber.). This rust of 
Sorghum and Zea Mais occurs in xVmerica, Italy, Germany, etc. 
The leaves lH‘come more or less beset with little pustules, in 
which the sori of uredosjKires or teleutospores are contained 
<Fig. 187-189). 

P. purpurea Cke. On Sorghum vtdgare ii* India, and Zea in Africa. 


‘ Dewription and flguroa in *V. J. Agric, Sxper. Station Report, 1891. 
Z 
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P. eljrmi West. {Bottrupia dymi Lagerh.). On Elymm armariut and 
E. mollis. 

P. Baiyt (Berk. et Br.’). On Brachypodium in Europe and Britain, 
Bandma Thouarsti in India, Andn^pogon^ etc,, in America. 

P. longissiina Schroet On Koderia cristata in Germany ; K. Berythria 
in Egypt! 



Fio 187 —Pucr.MKi 
(Pv.cc. Hiaydi#). Portiuu nf 
Haue-loaf sliov'iiig sport 
patches, (r. Tubeuf del ) 



Fu. 18i> — /*««•»! 1(1 mphx Three tcloutosiwros and two 
urcddsfiores One of the latter eihibiU the tiny point liki 
projection* of the nieuibmiii (v Tubeuf del ) 



P. palifoimis Fuck. On Kochna trtsfaia. (Hntaui.) 

P. antboxaothi Fuck. On Anthoranthum odoiatum. (Britain.) 

P. pbberosa Tjageih. On Festmt syhatmt. 

P. angustata Peek. On Sdrjm and Erutpborum. (U.S. America.) 
P. jond (Strauss). On Junrus (l\S. America.) 

P. oblongata (Lk.). On Luzula. (Britain.) 
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P microsora K5ni. On Carex veiticaria. 

P. caridcola Fuck. On Carex tupiim. 

P. aUii (D. i\). Oiiion*ni8t. (U.S. America.) 

P. iridia (I). (/'.). On Iris. (Britain.) 

P. veratri Niessl. On Veratrum album and V. viride. (U.S. America.) 
Pnccinia prnni Pers. Plum or Prune Rust. [This is a 
common species in both Europe and the United States ; it 
attacks almost every kind of cultivated drupaceous fruit, includ- 
ing prune, plum, peach, nectarine, apricot, cherry, and almond. 
The uredospores are brown, the teleutospores darker, and both 
are as a nile found only on the under surface of the leaf 
(Fig. 82). The leaves first show yellowish or reddish spots 
which rapidly enlarge and darken in colour till rupture of the 
epidermis takes place, and they rapidly dry up. The fruit is 
thus altogether lost or much injured, while ripening of the wood 
is more or leas interfered with. 

Tlu' remedies suggested are : sprayings with modified eau 
celeste, or ammoniacal copper carbonate (see p. 69)].* (Edit.) 

P. cerasi (l^Teng.) Cherry-ru.st <»n Pmnu* Veraswty P. Amj/gdaliu^ 
and /'. Pereica. 

P. oenotherae Vizt*. On Ameriain .Hpecies of Oenothera. 

P. giliae. Hark. On Phlo.r and (Ulia. (U.S. America.) 

P. tanaceti I>. U. On Tmouetum rulffar^. (Britain and U.S. America.) 

P. sonchi Rob. ei Desin. On Simrhu*. (Britain.) 

P. endiviae Pa^w. C)n Cnhoria Eudirbt in Italy. 

P. carthami (’orda. Oti (orthamitx tiurtona. 

P. balsamitae (Stninss). On Tanat-ftam li'ihamita. 

P. picridis IlaH/J. On /Vmvi in Hungar\. 

P. bistortae (Stmus>») (Britain and US. America). On Polygonum 
BOtnrta and /’. n'n'jxtrirm. Tlie telent<>.s|Mire8 have n'o ;(>apilia on their 
f;erm-jM»reH. S<n)|)itt {Oreeilh-a, 1H5M) claims relationship between this 
sjHHies and Mx-Aeridium t»n Coiugmlittm denvdatnm (dee. hunii{\)). 

P. mammillata Schruet. (U.S. America). On Polugonum Bistorta. Tlie 
upjMT cell of the telentosjH>re has an apical thickening. 

P acetosae (Schniu.). On liume.r Aivto^a, B. an'folia^ and R. Acetosella. 
Ludwig says it hil*ernates in the \iredo-form. 

P. polygon! IVrs. (Britain and U.S. America). On Polggoneae. 

P. rumicis-acutati (l>. U.). On Polvgomtte. 

P. oxyrtae Fuck. (Britain and U.S. America). On 0.rgna. 

P. caitagnei Thitm. On Apium graveoleue in France. 

P. cicutae I.aach. On Cicuta virtmt. 

> Pierce {Jmtnxal Mycology, vii., p, 354) gives an account of this disease as 
found in California, and <lescriU*8 application and results of various remedies. 
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P. stadiydU D. 0. On StoLchyt recta. 

P. ai^fentata (Schultz). On Impatiem. (Britain and U.S. America.) 

P. Berkeley! Pass. On*^ Vinca. (Plowright distinguishes also P. vincae.) 
(Britain.) 

(4) JJndmpores absent or only rudimentary^ Tlie other spore- 
formsr-^cnidiat aecidia, and televiospores — develop on the same 
host-plant {Puedniopsis, Schroet.): 

Puccinia tragopogfonis (Pers.) (Britain). On Tragopogon, 
Scorzonera, Podospermum, and Galasia. The leaves of diseased 
plants are conspicuous in spring from their slenderness and 
pale colour. 

P. senecionis Lib.^ (Britain). The mycelium inhabits species 
of Senecio; it probably arises from aecidiospores, and produces 
both aecidia and teleutospores. 

P. ipomeae Cooke. On Ipomea in U.S. America and S. Africa. 

P. bunii (D. C.). On Carum Bulhocastamm and Pimpinella Saxifraga 
(Britain). 

P. smymii Biv. On Smyrnwm Olusatrum. (Britain.) 

P. trollii Karst. On Aconitum Lycoctonvm and Trolliue europaeus. 

P, Valerianae Carest. On Valeriana opicinalis and Centranthus 
Galcitrapa. 

P. liliacearum Duby. On Ornithogalum^ Scilla, and Oagea. (Britain.) 

(5) Televiospores alone produced ; they hibernate in dead host- 
remains {Micropuccinia, Schroet.) : 

Puccinia fusca (Relhan.). (Britain and U.S. America.) 
Anemone-rust. The brown spore-patches of this fungus occur on 
various species of Anemone, ThMictrum, and Pulsatilla. Attacked 
plants of Aifhemone nemorosa (Yig. 190, 6 and 7) have their leaves 
much altered, the petioles being abnormally long and the laminae 
much thickened, with narrowed segments, and conspicuously pale- 
green. The teleutospore-patches form chocolate-brown spots on 
the lower surface of the leaf, and stripes on the leaf-margins. 
Flowers are rarely developed on diseased plants ; Fentzling, 
however, found flowering plants with aecidia on the leaves ; 
three of the perianth-parts being stunted. The same .investi- 
gator found a few anatomical changes in deformed plants ; in 
petioles the middle one of the three vascular bundles normally 
present was larger than those on each side of it; in the dis- 
eased lamina the parenchyma-cells were enlarged, while inter- 

^Dietel, Hedxcigia, 1891, p. 291 ; also Zeitachrift f. Pfianzenkraiikheiten, 189.S, 
p. 258. 
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cellular spaces were more numerous and also larger. Other 
minor differences are also given, but there seems to have been 



1 2 3 4 5 6 7 


Pio 190 —Anemont Rust 2 and S, Normal plants of Animone ranunculoides 
4, Aecidium punctatuin on Atiemone laHunculoutes aecidia on the lower surface 
of the leaf , the plants are abnormally elongated, and the leaf segments are 
smaller 6 and 7, Pucama /usca on Anemone nemorosa the plants reni un small 
6 IS completely deformed, 7 parttaUy 1 and 6, Aecidium feucospermum on 
Anmiane nemorosa , the plants are abnormally elongated and the leaf segments 
smaller (▼ Tubeuf del ) 
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some confusion between plants infested with this Paccinia and 
those with species gf Aeddium. The changes induced on 
anemone by either Aecidi^im letuiospermwm D.C. or Aec. punctatum 
Pers. are quite distinct (Fig. 190) 



Fia 191 — Puccinia nlm on Red Currant {Kib « ‘tuhrum) Tdeutospore patchcH 
on leaves and fruit (v Tubcuf phot ) 

P singulans Magn Uii A7ie'mone ranuTwulotdes iii Austria and 
south-east of Europe The teleutospoie germ-pore is situated at the centre 
of the lateral wall of the lower cell, thereby distinguished fiom that of 
F. fusca. 

P. atragenis Haussni. On Atragene alpina. 

P thaiictri Chev On species of Thalictrum. (Britain and U b. 
America ) 




PUCCINIA. 


369 


P. Fergussonii Berk, et Br. Oii Viola palustns, etc. (Britain and tF.S. 
America). 

P. alpina Fuck. On Viola hiflora. 

P. geranii-sylvatici Karst. On Geranium sylvaticumJ (U.S. America.) 

P. Morthieri K5rn. On Geranium. 

P. Holboelli (Horn,). On AraJm Holhoelli and Erydmum nafcmifolium 
in Denmark and IJ.S. America. 

P. drabae Rud. On Draba aizoides. (U.S. America.) 

P. dentariae (Alb. et. Schwein.) On Den tana hulhifera and D. 
enneaphylla^ causing pustule-like outgrowths on the leaves. 

P. ribis (D. C.) Currant-rust. On Rihes ruhrum, R. nigrum^ R. (dpinum, 
R. Grossidaria, and R. petraeum (Britain and U.S. America). (Fig. 191.) 

P. saxifragae Schlecht. On f^axifraga. (Britain and U.S. America.) 

(P. Pazschkei Dietel. On Sanfraga elatior and S. Aizoon,) 

P. rhodiolae B. et Br. On Sedum rhodiola. (Britain.) 

P. sedi Kdrn. On Sedvm elcgam. 

P. aegopodii (Schum.). Oji Umbellifetae, e.g. Aegopodiiim^ Astrantia, 
and Peuredamm. (Britain.) 

P. enormis Fuck. On Chacrophyllum aureum. 

P. asarina Knze et Schm On Asay'um. (Britain.) 

P. rubefacieiis Job. On Galium horeale in Scandinavia and U.S. America. 

P. campanulae Carniich. On Gampanida and Jauone. (Britain and 
U.S. America.) 

P. conglomerata (Str.). On Honiogyne alpina. 

P. expansa Link. On Adenostylen and Reneno. 

P. virgaureae (D. C.). On Sohdago. (Biitain and U.S. America.) 

P. cardui Plowr. On Canhius lanceolatus., and C. criKpus. (Britain.) 

P. Andersoni. B. et Br. On Carduna heterophyllm. (Britain.) 

P. bellidiastri (Ung.). On Bellidiastrum. (The aecidiuni on the same 
host belongs to Pucc. firma Diet.) 

P. adoxae D. C. On Adova moschatellina. (Britain and U.S. Anietica.) 

P. betonicae (Alb. et Scliweiu.). On Betonica officinalis and Stachys 
recta. (Britain.) 

P. Schneideri Schroet. On Thymus Scrpyllum. (Britain.) 

P. scillae Lk. On Scilla bifolia in Hungary. 

P. tulipae Schroet. On Tidipa Gemeriana. 

P. Prosti Moug, On Tidipa sylvestris and T. Celsiana in Italy and 
France. 

P. Schroederi Pass. On Nartissus poeticus. 

(6) The teleutosporcs germinate on the llvmg plants, and again 
produce teleafosporcs. All other forms of spore are absent {Lepto- 
puccmia, Schroet .) ; 

Puccinia malvacearum Mont, occurs on various Malvaceae. 

^ Barclay [Anmds of Botany, v., p. 27) describes and figures a mr. himalemis 
on Geranium wpaleuse. 
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.This rust is indigfenous to Chili, and was introduced into France 
about 1868, whence it .rapidly extended throughout the whole 
of Europe, and during the last ten years has made its appear- 
ance in the United States. In many places it has completely 
exterminated both wild and cultivated mallows, and rendered 
the cultivation of garden hollyhocks impossible. It appears in 



May or J une on the leaves, stems, and petioles of the host ; 
all are more or less defonned, and the leaves may in severe 
cases wither up long before the flowers appear. Sponging 
with a solution of permanganate of potash (two tablespoonfuls 
in one quart of water), has been found an effective remedy. 

P. SherardiaiUL KGrn. On mallow in America. 

P. heterogenea Lager. On hollyhock in South America. 

P. aaemones-virginianae Schwein. On Anemone. (U.S. America.) 
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P. thlaspeos Schub. On Thlanpi alp^tre and Arahis hirmta 

P. spergulae D. C. On Spergula. (U.S. America.) 

P. arenariae (Schum.). On AUimae and Sileneae, e.g. cultivated Dianthiis 
harhatm. (Britain and U.S. America.) 

P. chryospienii Grev. On Chrysoaplenium. (Britain.) 

P. circaeae Pers. On Circaea. (Britain and U.S. America.)* 

P. buxi B. C. On Buxus sempervirens. (Britain.) 

P. umbilici Guep. On Umbilicus. (Britain.) 

P. valantiae Pers. On Galium. (Britain and U.S. America.) 

P. asteris Duby. (Britain and TT.S. America.) On Aster, Artemisia, 
Achillea, Cirsium, Scahiosa, Doronicum. Plowright regards P. millefolii 
Fckl. on Achillea as a distinct species 

P. veronicae (Schroet.) (Britain). \ 

P. veronicanim B. C. (Britain and U.S. America), >On Veronica.^ 

P. albulensis Magn. j 

P. glechomatis D. C. On Gl^choma {Nepeta). (Britain and U.S. America.) 

P. annularis (Strauss). On Teucrium. (Britain.) 

Hemileia 

Hemileia vastatrix, Berk, et Br. This occurs on the leaves of the coffee 
plant in Ceylon, Java, and Sumatra. It causes a very destructive disease. 
Sadebeck recommends as remedies : (1) Eemoval of infected leaves and 
their sterilization by dilute acids or Bordeaux mixture. (2) Spraying 
the beds with Bordeaux mixture, so as to kill the spores which have 
fallen there. 

Several genera which do not occur in Europe may be mentioned here, 
viz.: Uropyxis, Diorchidium, Chrysospora, and Sphaerophragmium ; also 
Masseella, Phakospora, and Schizospora.^ They contain but few species, 
and none of practical inrportance. 

Triphragmium.^ 

Teleutospores three-celled ; one cell is attached to the sporo- 
phore, and carries the other two; each cell has one or more 
germ- pores. 

Triphragmium ulmariae (Schum.). (Britain.) Uredospores 
and teleutospores produced on the same plant, Spiraea Ulviaria. 
The teleutospore-patches are dark-brown, the uredo-sori reddish - 
yellow, while the pycnidia (so-called spermogonia) are yellowish 

’Distinction, see Magnus, Ber. d. deutsch. hotan. Qts., 1890, p. 167. 

® Sadebeck, Forstl-naturwiss. Zeitschri/t, 1895. M. M'ard, SesHtonal Papers^ 
XVII., Colombo, 1881. 

®Dietel, Berichte d. deutsch. hotan. Ges., 1895, p. #382. 

^Bibliography and Revision, by G. Massee, Grevillea, xxi., 1898, p. Ill ,, 
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points.- The so-called aecidia are really a form of uredo-sori; 
they occur as thick cushions and cause thickening or twisting 
of the leaves and petioles. 

T. filipendulae (Laach.) (Britain). On Spiraea Filipendula. 

T. ecfainatum Lev. occurs on Meum ; teleutospores alone are known 
(U.S. America). 

T. davellosum Berk. On leaves of Aralia in the United States. 


Phragmidium. 

Teleutospores multicellular, the individual cells forming a 
single series ; they show a variable number of germ-pores. The 



Fi(j 103 — Ti iphragmiuiii ulrtiumu on 
lijiiiioa Ulniaua Germinating teleuto- 
sjKiro, with promycolia and sporidia 
(After TuUsne ) 



Fic. \Q4 —Pin (iginait am subcoitumm 
on a RohC leaf The black spots .iro 
teleutosporc patches on the under- 
surface of the leaf, (v Tubeuf del ) 


teleutospores are produced in loose patches. The aecidial patches 
have no covering, but are surrounded by club-shaped paraphyses. 

The genus frequents only Kosaceae. 

On species of Rosa : ^ 

Phragfmidium subcorticiura (Schrank.) Teleutospores, uredospores, and 
aecidia on leaves of wild and cultivated roses. (Britain and U.S. 
America.) 

Phr. tuberculatum J. Mull. All the forms of spore occur on Rosa 
mniim. 

Phr. fusiforme Schrot. \Vkr. rosae-alpinae (D.C.)]. On Rosa alpiivi 
(Britain). 

Phr. speciosum (Fr.). On North American roses. 

Phr. devastatrix Sor. On roses in Asia. 

’ J. Muller, “Die Rostpilze d. Rosa. u. Rubus-arten,” Ber. d. deutsch. 
botan. Ges., 1865. 
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• On species of Potentilla : 

Phr. fragariastri (D. C) (Britain and U.S. America). 

Phr. potentillae (Pera.) (U.S. America). 

Phr. tonnentillae Fuck. (Britain.) 

Phr. papillatum Dietel, from Siberia. 

Phr. nepalense Bard, and Phr. laceianum Bard, in India. 

On species of Muhus: 

Phr. rubi (Pera.) {Phr. hulhomm 
Sdilecht.) (Britain). 

Phr. rubi-idaei (Pera.). On leaves 
of raspberry. (Britain and IT S. 

America.) 

Phr. violaceum (Schultz) (Britain). 

Phr. rubi-miniatum J. Mull. 

Phr. albidum (Kiihn). 

Phr. quinqueloculare Bard. 

Phr. octoloculare Bard. 

Phr. Barclay! Dietel, from Hima- 
laya. 

Phr. gracile Fail., America. 

And other specie.s. 

On Samjuisorha ; 

Phr. sanguisorbae (D. C.). On 

S(tnguisoi'ha ininor. (Br’itain.) 

Phi*, carbonarium (Sclileclit.) 

(Britain). This species has also 
been placed in a separate genus 
XcnodocJuis. It occurs on San- 
guUorba. Uredospores are want- 
ing ; the teleutospores form firm 
black crusts ; the aecidiospores 
form chains ; and the paraphyses 
are club-shaped. Diseased leaves and petioles are thickened and 
bent. Wakker’s investigation showed; a slight enlargement of 
parenchymatous cells and rupture of epidermis on spore-formation ; 
a diminution in the intercellular spaces and in formation of 
collenchyma and sclerenchyma ; a suppression of all production 
of chlorophyll and calcium oxalate. 

Melampsora. 

Teleutospores dark and unicellular, in some cases multi^ 
cellular by formation of new walls, generally in a vertical 



Fiq 105 — Phiagmidiim luhi from liultiis 
iiutiroms. One spherical iiumature te- 
leutospore, and two well-developed and 
germinating ones. (After Tulasne ) 



364 


UREDENBAK. 


direction ; their eori form dark spots which break out from 
beneath the epidermis. The yellow uredospores have a coat 
beset with fine spines, and are given off from sori which may 
or may not be enclosed in a peridium. The sori of the 
aecidium^stage have no peridium, and are known under the 
generic name of Caeo7m\ they frequently occur on other hosts 
than those of the teleutospores. Pycnidia are produced in little 
yellow patches. 

Melampsora tremulae Tul. (Britain). The sori of uredo- 
spores appear as little yellow protuberances on leaves or young 
shoots of Fopuliis tremula. The dark-brown patches of teleuto- 
spores appear later on the under epidermis, and where they 



Fig. 190.— Casonwi pimtorquum. Section showing four pycnidia, from one 
of which («p) numerous conidia are being discharged. Caronift-patches are 
developing beneath the cortical layer, as yet unbroken (After R. Hartig.) 


occur in large numbers, an early fall of the leaf may result. 
The teleutospores hibernate in dead leaves on the ground. In 
spring the sporidia germinate and infect young shoots of Finns 
sylvestris, producing the disease known as Gamma pinitorquum} 
This disease attacks pine-seedlings, appearing generally on 
the needles. It is most frequent in plantations from one to 
ten years old, rarer in those of ten to thirty years, and not 
as yet observed in older. Finns sylvestris is most commonly 
attacked, but it has also been observed on Finns montana in 
Jutland. After formation of the Caeowa-patches, the young 
thin shoots generally die off, but thicker ones become twisted 
at the place attacked, whence the name “ pine-twister ” commonly 
given to this disease. If the leading shoot be attacked, the 
seedlings may succumb altogether. The disease develops rapidly, 

^ R, Hartig, Wichtitjt KromkheileH d. Waldhaume, 1874. 
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particularly in a damp and cold spring, and may prove very 
destructive if it appears for several years in succession. The 
mycelium evidently perennates in pine-shoots, and produces 
new (Toeowia-patches year after year till death of the host results. 
It grows intercellularly especially in the rind parenchyma, but 
also in the medullary rays of wood and bast; the contents 
of the host-cells are absorbed by means of short lateral haustoria. 



Fio ~Ca(oma pindmquum Portion of i)atch(eulargul) /, Cortital 

cells partially absorbed or much compressed , It, basidia from which spoics (f ) are 
abjointed in succession the ybunger with delicate walls and separated bj 
membranous lamellae, which disappear on formation of the spore coats (d) 

(After R Hartig ) 

The pycnidia are produced at end of May or beginning of 
June, between the epidermal cell- wall and the cuticle of green 
twigs, before breaking out they may be observed externally 
as light patches on the shoot. The (7aeoma-patches develop 
later in the second or third layer of the rind-parenchyma 
(Fig. 196). In each patch the spores are produced serially from 
short stalks to the number of twenty or thereabout, and ultimately 
escape about June, when the cells of the parenchyma and 
epidermis are ruptured. At first the spores are connected 
together by intermediate cells which are afterwards absorbed 
(Fig. 197). The mature spores are globose, oval, or polygonal 
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in shape, yellow in colour, and their outer coat is beset with 
spiny projections. The sUlk-celb grow out into elongated tubes, 
after completion of ‘‘spore-formation. In the vicinity of the 
scar of a {7a«oma-patch, the twig turns brown and its tissues 
become permeated with resin, while the tissues underlying the 
patch die even into the pith. 

Hartig’s ^ investigations show that this same Melampsora causes 
Caeoma laricis on the needles of the larch. Plowright ^ also 
produced a similar Gdeoma^orm from Melampsora hetulina, and 



Fio 198 —Mdampma betulma Teleutospore-sorus, with many of the spores 
producing promyceha and spondia (*) < , Mycelium , p, parenchyma , t, portion 

of ruptured epidermis (After Tulaene ) 


succeeded in re-infecting Betula alba from Caeoma lanns. 
Kostrup obtained Caeoma mercuriahs by infecting Mercurialis 
with MeJ. tremulae] yet this may have happened because two 
different species of Mdampwa occurred on the aspen leaves. 
Klebahn ^ was successful in infesting Pojfndus tremula with 
Caeoma laricis but did not succeed with the birch. 

^R. Hartig, AUegem. For at. u. Jagd-ztiiung, 1885. 

^ Plowright, “ Irapfversuche m. Rostpilzen,” Zeitschnft f. PJlamenkrankheiten, 
1891. 

® Klebahn, Zeitschrift f. PJlanzenkrankheiten, 1894. 
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The patches of Caeoma lands Hartig,^ appear as golden-yellow 
cushions on the underside of the needles. The sporophores from 
which the aecidiospores are ab join ted, form the centre of the patch, 
the periphery being occupied by numerous sterile threads, which 
grow out as long paraphyses ; it may so happen that tt\,e whole 
cushion consists only of these last. The formation of Casorm- 
patches is preceded by that of little pycnidia (spermogonia), 
which break out from under the cuticle. The mycelium lives 
intercellularly, and dies after the shedding of the Caeoma- 
spores. 

Melampsora betulina (Pers.) (Britain and U.S. America). 
Uredo- and teleutospores occur on the leaves of the birch 
{Betula alba). Plowright^ found from arti- 
ficial infection that this species produced 
Caeoma lands on the needles of Larir 
curopea. A second form of Caeoma laricis 
was obtained by Hartig, both from infec- 
tion by Mel. tnmulae Tub from the aspen, 
and by Mel. popvlina Jacq. from the black 

poplar. 200. — MeUmpma 

ML popuUna (Jacq.)“ (Britain and U.S. 

America). Uredo- and teleutospores fonnd 

on Popiihis nigra and P. halsamifera 
M. popidwa and M. tremular are probably identical, for Hartig 
has found the same Melampsora on black and balsam poplars 
as on aspen, and in each case he produced Caeoma laricis by 
means of the uredospores. Schroeter states that the Melampsora 
of Populm nigra produces Caeoma allii of Allium. 

M. aecidioides D. C. (Britain). Uredo- and teleutospores on 
leaves of silver poplar {P. alba and P. canescens). Plow- 
right connects with it a eaeoma-iorm on Mercurialis [Caeoma 
mercnrialis). Schroeter states that the Melampsora of Popnlus 
tremula produces Caeoma mercurialis. 

The Melampsorae of Willows were until recently grouped 
under a collective name, M. salicina ; several species are now 
recognized, others require verification. 

^R. Hartig, Wichiirie Krankheiten d. Waldbaumer, PI. V. 

* Plowright {lot. cit . ). 

®R. Hartig, Botan. CentrcUblatt, xlvi., 1891; “ The leaf-rust of cottonwoods,” 
U.S. Dept, of Agriculture Beport, 1888, p. 390. 
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M. salicig-capreae (Pers.) (Britain and U.S. America). 
TTredo- and teleutospores on leaves of Salix Gaprea and several 
other species. Accofding to Roetrup, Gaeoma emnymi (Gmel.) 
is a stage of this.^ 

M. ^artigii Thum.^ (M, epitea Thiim.) (Britain and U.S. 
America). Uredo- and teleutospores on leaves of Salix pntmosa. 
S. daphnoideSy S. vifninaliSy etc. Rostrup regards G, Hbesii Lk. 
of Bibes as a caeoma-form. 
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Fig 200.— Mdaiiipso) a mhcm-capime Section through leaf of Salix Caprea, 
with a uredospore-sorus on the lower epidermis , on the upper side a teleutosporo- 
sonis 18 in process of development, but is as yet completely closed over. (After 
Tulasne ) 


M. repentis Plowr.-^ Uredo- and teleutospores on Scdix repens. Gaeoma 
on Orchis maciilata. (The Gaeoma orchidis of other orchids is probably 
identical with this one.) 

M. arctica Eostr. on Salix herhaceUy S. glaucay and S. groenlandica’ in 
Greenland. 

M. mffcta (Schlecht). (Britain). The related Gaeoma is unknown. 

Thumen also gives M. Gastagnei Thiim. on S. amygdalina. 

M. vitellinae D. C. on Salix fragilis is said by Schroeter to have its 
Gaeoma on Galanthus nivalis (Britain). 

The" rusts of cultivated willows are very detrimental to them 

^ M. salicis-capreae ^M. caprearum D.C.) is divided by some autboi^ies into 
M. farinosa (Pers.) and M, epitea (Kze. et Schm.). 

®See ThUmen, Md. salici'my' MiUheilungm atis d. forstlich, Versuchsixesen, 
Oesterreichy 1879. 

® Plowright {loit. cit.). 
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and cause great damage. The yellow 
sori appear in large numbers on the 
lower surface of the leaves, which 
wither prematurely, especially towards 
the ends of shoots (Fig. 201). The 
teleutospores hibernate on fallen leaves, 
hence such should be raked together 
and burnt. Sahx pruinosa is found 
to be much more sensitive to attack 
than S. pruimm x daph7wides, whose 
leaves are more hairy, a property 
which seems to protect them from 
spores. 

The following species have only 
uredospores and teleutospores, related 
CWowirt-forms being unknown : 

M. lini (Pers.) (Pritain and U.S. 
America). Flax-rust. The uredo- and 
teleutospores occur together on Lin tan. 
'This may inflict serious damage in 
fields of cultivated fiax. 

M. sorbi (Oudem.). On leaves of 
Fyrus Aucnparia and P. torminah‘i. 
Dietel ^ has recently placed this as 
the single species of a new genus 
Ochrospora. The light-yellow spori's 
are at first one-celled, but before 
the death of the host-leaves they 
divide into four (rarely three) cells, 
each of which gives off a sterigma 
with a single sporidium. In these 
points the spores follow the develop- 
ment of Coleosporium ; the sporidia, 
however, are quite different, they are 
spindle-shaped, 2 2-2 5 m long and 8/' 
broad. 


itT 




ir/-' 
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Pio. Z0\.~Mdampiio)a Um iiqu on Snlix pi unwsa Tte upper loaves 
have already withered and curled up, the lower, though as yet un- 
changed, are beset with the pomt-like sorl. ( v. Tubeuf del ) 


1 Berichte d. detUach. hot an. Oes., 1895, p. 401. 
2a 
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M. ariae (Schleich.), On leaves of pm- 

M. pad! (Kunze et Schum.). On leaves* of Prmus Padm. (Britain.) 

M. hypericorum (D.C.): On Hypericum. (Britain.) 

M. ptts|ttlata (Pers.). On EpiU^wm. (Britain and U.S. America.) 

M. clrcaeae (Schum.). On Circ^ea. (||Htain.) 

M. vaccinii (Alb. et Sclim.). On leaves of Vaccinium. (Britain and U.S. 
America.) 

M. pirolae (Gmel.). On Pyrola. (Britain and U.S. Ahierica.) 

M. sparsa Wint. (U.S. America). On Arctoatapkylos alpina (also A. 
offidhalu acc. to Rostrup). 

M. carpini (Nees.). On leaves of hornbeam. 

M. galii (Lk.). On Galium. 

M. (Thecopsora) agrimoniae (D.C.) On Agrimonia. 

M. vemalis Niessl. Teleutospores only on Saxifraga granulata. 

M. helioscopiae (Pers.), On Euphorbia. (Britain.) 

M. euphorbiae-dulcis Otth. 


Melampsorella. 

The unicellular teleutospores are developed in the cells of 
the epidermis and form reddish patches. The patches of 
uredospores are enclosed in a peridium. 

Melampsorella cerastii (Pers.). Uredo- and teleutospores on species of 
Stellaria and Cerastium. (Britain and U.S. America.) 


Calyptospora. 

The teleutospores are developed inside the epidermal cells, 
and are divided into four cells by vertical septa. The aecidia 
have large peridia. The pycnidia are small and precede the 
aecidia. 

Calyptospora Coeppertiana Kuhn.i (U.S. America). The 
common disease of cowberry {Vaccinium Vitis-ldam) caused by 
this parasite is shown externally by a very marked swelling 
and elongation of the shoots (Fig. 202). Diseased plants 
elongate conspicuously above their neighbours, and in this way 
distribution of their spores by wind is facilitated. The mycelium 
hibernates in the cortical tissues, and maintains itself for years. 
It grows intercellularly, sending haustoria into the cortical cells. 
As a result of its presence, cell-growth is much accelerated, 
and a marked thickening of attacked twigs frequently occurs ; 

’R. Hartig, LehrhucTi d. Baumkrankheiten, i. Aufl. p. 56 and PI. II. (The 
2nd edition and the English translation are somewhat abridged.) 
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intercellular spaces bec&me enlarged, and the contents of all 
cortical cells, except those of the epidermis, takes on a red 
colour, whereby the young shoots have at first a delicate rose- 
red colour, though they afterwards turn brown. The lower 
leaves have a similar red colour, but shrivel and fall off early, 
while the upper ones develop normally and remain attached. 



Fig 202 -^Calyptogpora Ooeppertiana Ivormal and malformed shoots of 
Vacctmum Vitis Idma (v Tubeuf phot ) 


Shoots infected one summer show the symptoms in the 
following year. The swelling is confined to the basal part of 
a year’s growth, and the apices of shoots remain normal to all 
external appearance, although permeated with mycelium. Hartig 
has explained this by assuming that the fungus-mycelium only 
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influences young cells attacked by it during their period of 
growth, whereas cells already in the adult condition remain 
unaffected. 

Inside the diseased shoots a well- developed mycelium will 
be found between the epidermal cells, and nourished by haustoria. 



Fio. —Calypionpo'> a Goeppii ti.ana Section through epidermis and corticil 
parenchyma of a diseased shoot of I'actintum The mycelium is interccllulai , but 
swollen branches penetrate the cell wills and become sac like haustoria The 
hyphae under the epidermis become considerably swollen, and give off into the 
cells either haustoria (i>) or the sac like prot esses (c, r), w'hich become the mothei 
cells of the teleutospores x 420 (After R Uartig ) 

The spores originate from pioeesses oi the mycelial hyphae, 
which bore their way into the epidermal cells, and swell up 
inside to form spherical sacs. The cells thus entered turn 
brown, and are filled up by four to eight cells produced from 
the sac-like processes of the mycelium (Fig. 203). From each 
cell of this kind a four-celled teleutospore is formed and hil^er- 
nates in situ. In spring the teleutospores emit a process through 
the outer wall of the epidermal cell, and this, after division 
by cross-septa into four cells, becomes a promycelium with short 
sterigmata, from each of which a single sporidium is abjointed 
(Fig. 204). The sporidia germinate, as Hartig proved, about the 
middle of May, on young needles of silver fir (Abies peefinafa). 
By the middle of June the mycelium is distributed through 
the intercellular spaces, and forms aecidia with long white sac- 
like peridia on the under surface of the leaf (Figs. 205, 206) 
The aecidiospores escape on rupture of the peridium and the 
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host-epidermis, to germinate on the epidermis of another cowberry- 
shoot. The germ-tube either enters by a stoma, or forms an 
adhesion-disc and sends out a process from this through the 
epidermis 



1 u 2(14 —Diseased stem of J an v um in i 
liter st igt, th 111 lig 203 In each cpidenuil 
cell ( ) SIX mother cells h ive l>oou formed 

eaeli subdivided into four telcutospc res 
Promyceha (?) have developed from manj of 
the latter and are in process of ah]ointing 
oft the spondia from literal steiignnta 
X 420 (After R Hartig ) 



1*10 205 — Calijptoitpoia Ooippe tiana 
Aotidia on the under surface oi needles 
of Sliver Fir (v Tubeuf del ) 




I If 206 — Aecidium in i needle of 
Silver lir (much enlarged) h Senes 
of lecidiospores and intermediate cells 
<• Germinating aecidiospores (Aftci 
R Hartig) 


This aecidium is also found on Ahics cephalomca in Upper 
Bavaria 

Barclayella deformans Diet ^ This has been found in the Himalaya 
region on needles and young twigs of Prcea Moniida {Smtthiana) Teleuto- 
spore son are developed, acconijianied by distortion of the host Aecidia 
and uredospores are unknown 

’Barclay, “ a Utedo of the Himalaya Spruce fr" Calcutta, 1886; and 
Hedwigia, 1891 
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Coleosporimn. 

The teleutospores form a soft, reddish, waxy cushion, and 
germinate in situ producing four-celled promycelia; in these 
respects “they exhibit great resemblance to Auricularia. Uredo- 
spores are developed in chains. The aecidia, as yet known, 
have a distinct peridium. 

Many species infect the needles of pine trees and produce 
aecidia known by the generic name Peridermium ; other species 
also known as Peridermium and living on bark are really 
species of Cronartium. The species here mentioned with their 
Peridermium-iorm. on pine-needles, so much resemble one an- 
other as to be almost indistinguishable, and 
the question arises whether they are really 
species, or only varieties due to difference 
of substratum — habitat-races. 

Coleosporium seneciAiis (Pers.). (Britain.) 
The sori are produced on leaves and stems of 
various species of Se^iecio (without doubt on 
S. vtilgaris, S. sj/lvatieus, S. viscosus). The 
uredospores are shed in June from yellow 
spots. The teleutospores follow later on 
dark-red patches, there they hibernate and 
m spring produce a four-celled promycelium, 
each cell of which gives off a sterigma with 
one sporidium. The latter germinate on 
needles of Pinas syhestris. A mycelium is 
formed in tlie intercellular spaces of the 
needles, and, nourished by means of haustoria sunk into the 
host-cell, perennates and produces crop after crop of aecidiospores. 
Hyphae are produced in such numbers that the cells of the 
needle-parenchyma are tightly pressed together, and those 
adjacent to pycnidia and aecidia turn brown, secrete resin, and 
die. The needles themselves, although tilled with mycelium, 
remain on the tree till the time of their normal fall. 

Pycnidia are developed by April or May under the cells of 
the epidermis. They are little obtuse cone-shaped enclosures 
appearing as brownish -yellow spots scattered over the inner 
faces of the needles. On attaining maturity they rupture the 
host-epidermis and give out their conidia. 


Fig 207 — CoUonporium 
HintLionm on a bifoliai 
spur of i>i/h<xtun. 

Pendia ajid scars of the 
Lia arc si 
f del) 
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The aecidia are produced amongst the pycnidia on needles 
two or three years old ; they have long white peridia and 
are known as Feridermium oblongisporium Fuck. The aecidio- 
spores are yellow when mature, and originate in chains, which 
in the earlier stages of development consist of inteianediate 
cells and spores, but the former gradually disappear (Fig 208). 
The spores have an average length of 30 ’5/4 and breadth of 



rid —Ptiidiimium j> rii (Col<ot,j)o m iinxiovis) Portion of an aecidium 
with basidia {!>) ffiviiig off spotes and intcrmtdiate ctlls (d), outside the 
jiendium (p) other baaidi i ( ) with club shaped ends force up the epidermis , 
(i, the thic k nijuclium in the loaf parouchjiua (After R Hartig ) 


20/u; in form they are generally loiigish-oval, few being luund ; 
the spore-coat is moderately thick. Aecidiospores are capable 
of immediate germination, and produce CAnf^o-patches on Senecio 
by June. 

The uredospores have an average length of 28'5/4, and 
breadth 15-5/x; they are generally oblong, with a moderately 
thick coat beset with spiny warts. 
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Klebahn and Fischer^ assert that several other species of 
Colemporium produce their aecidium-stage on Finns sylvestris. 

0. euphrasiae (Schum.) (Britain). Uredospores produced from 
reddish-yellow, teleutospores from orange-red patches during 
July and August on various Bhinanthideae {Fhinanthus majo7\ 
R. minor, Bartsia Odontites, and Euphrasia officinalis). The 
spores from Rhinanthus germinate on needles of Finns sylvestris 
and produce an aecidium called Feridermium Stahlii Kiel). 
The aecidiospores of F. Stahlii average 26 m in length, 19'5 m 
in breadth, and are round or shortly oval, with a coat and 
markings finer than those of F. oblongisporinm. The uredo- 
spores average 22 m x 15*5m; they are irregular and somewhat 
angular, with a thin finely marked coat. 

C. melampyri (Eeb.) (Britain). Uredospores on Melom- 
pyrum (certainly on M. pratensc). The aecidia — Feridermium 
Soraueri Kleb. — follow after a year on needles of Finns syheUris. 
The spermogonial pycnidia alone are developed in the summer 
of infection. 

0. tussilaginis (Pers.) (Britain). This Coleosporinm is found 
all summer on the underside of leaves of Tnssilago farforo, 
the uredospores forming yellow patches, the teleutospores darker- 
coloured ones. Aecidia are produced on needles of Finns 
sylvestris, and are known as Feridermium Flowrighfn. Pycnidia 
and aecidia are formed in the summer following infection. 
The aecidiospores average 25‘5m X 19m and are shortly oval 
or round, with coats and markings more delicate than those 
of F. Stahlii. The uredospores average 26m X 19m and are 
roundish oval with somewhat firmer and thicker coats than 
those of C. euphrasiae. 

Klebahn’s infections of Fetasites with aecidiospores from Pm as 
gave no result. 

0. inulae Kunz. Spores of this obtained by Fischer^ from 
Inula Vaillantii and I. Heleninm produced Feridermium Kkhahui 
Fisch. on needles of Finns sylresfris. 

0. sonchi (Pers.) (Britain and U.S. America). Klebahn 
considers this as a provisional species including a number of 
imperfectly investigated forms whose uredo- and teleutospores 

^Berichted. deutsch. botan. Oes., 1894; Zeituchri/t f PJlanmikranJcheiten, 1894, 
and 1895, p. 73. 

^ Botan. CentrcUhlatt, lix,, 1894, p. 1. 
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occur on various species of Sonchus (without doubt on S, 
arvensis). Aecidia are unknown. He relates it to Peridermiim 
Fischeri Kleb. on needles of Pinvs sylvestru. 

0. synantherearum Fr. A provisional collective name for 
aecidia on A denostyles, Petasites, Caealia, Seneeio, etc.,* the liie 
history of which is as yet unknown. 

0. campanulae (Pers.) (Britain). Uredo- and teleutospores 
on Campanulaceae {Cmnpanula and Phyieuma). The aecidial 
form is Pcriderminm Rosirvpii on pine-needles. 

0. pulsatillae (Str.). Uredo- and teleutospores on Anemone 
Pulsatilla and A. jirafensis. Aecidia unknown, 

C. ipomoeae (Schwein). Uredo- and teleutospores on species 
of cultivated Ipom,oea in United States. Aecidia unknown. 

Fischer^ obtained pycnidia on needles of pine l)y infection 
with a Coleosporiuin from Campanula Trachelium, 


Chrysomyxa. 

The teleutospores are formed closely together in yellow sori ; 
each spore consists of an acropetal series of cells, the distal 
one of which, without leaving the sorus, genninates to ])roduce 
a promycelium of several cells. Uredospores are not always 
present. The aecidia have well-developed peridia. 

Chrysomyxa rhododendri (I). V.)!^ This is a common rust 
on the Alps where the Alpine-rose {Phododoulrou ferruf/inewn and 
P. hirsutum) occurs. Immediately after the break-up of the 
winter little dark-red cushions of this rust ap])ear on the under- 
side of the leaves, li'hese contain the sori of teleutospores 
already ])artially developed during the previous autumn, and 
now, after hibernation, ready to increase in size and to rupture 
the host-epidermis (Fig. 211). The teleutospores so exposed 
germinate without leaving the sorus, and produce four-celled 
promycelia, with sterigmata, from each of which a single 
sporidium is abjointed. The sporidia make their escape in 
June, and alighting on the unfolding needles of the spruce 
{Picea excelsa), they germinate at once and produce Accidium 
ahietmum, the blister-rust of the spruce (Fig. 212). 

An intercellular mycelium is developed in the spruce-needles, 

^ Botan. Centralblatt, lix,, 1894. 

2De Bary, Botan. Zeitung, 1879. 
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and small yellow pycnidia are produced during July or 
August. The aecidia follow from August till September, 
occupying yellow zones on the otherwise green needles; their 
white peridia project as much as 2 mm. above the surface of 
the needle, and dehisce by rupture of the apex. The aecidiospores 
are formed in large numbers and, carried by wind, reach leaves 
and shoots of alpine-rose where they immediately germinate. 
The resulting mycelium produces in September yellow clusters 
of uredospores on brownish spots on the lower epidermis of 
the leaves, and on the bark of last year’s shoots (Fig. 210). 



Fit.. 2Q^.~C)u-yMmj,xa ihododendi i. Twig 
of Rhododt ndi on hiitnlom with bori of medo- 
spores on the lower epidermis, causing dis- 
coloured spots on the upper, (v, Tubeuf 
del.) 



Fk.. 210. — ChiyHomyxo ikododendn on 
dodtndron la luoincvm. Uredospore-son in 
.September as elongated white stripes on the 
stem below the leaves, (v. Tubeuf del.) 


The uredospores are yellow and ovoid, with granular protuber- 
ances on their coats ; they are developed in series from the sori.^ 
The disease may be further propagated during the same year 
by the uredospores. In districts where spruce does not occur, 
it is probable that these spores hibernate, and in the following 
spring produce germ-tubes which infect other alpine-rose leaves. 
It frequently happens that whole forests of spruce are so attacked 
by this fungus that many of the trees retain only a few 
healthy needles. Diseased needles die and fall in the summer 
of attack, so that the trees may be almost wholly stripped, 
and thereby suffer considerable damage. 

Ohr. ledi (Alb. et Schwein.)^ (U.S. America). This fungus 

’ Raciborski regards the Uredo as a Caeoma-form. 

*De Bary, Botan. Zeitung, 1879. 
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occurs on Ledum palustre. It is difficult to distinguish from 
the preceding species, and causes the formation of similar aecidia 
on spruces in Northern Germany and other parts where Rhodo- 
dendron is not indigenous. Its uredospores are also capable 
of hibernating and of propagating the fungus where spruce is 
absent. 

Ohr. himalayensis Bard, occurs on leaves of Rhododendron 
arhoreum in the Himalaya. 



Fn.. 211 — dh iiiom^jca ihodo(j!<ntln Televito 
hpoie-sorns which has ritptuied the lower epi- 
dermis of a leaf of Khododendion hni^ulKm, The 
teleutospores are plurieellular, and one of them 
has >?crminatod, a piomycehum with 

sterigiiiata, from which little spondia are being 
abjointed. (After De Bary.) 



Fi(. J,12 —Ck) i/soim/ C(i ihodoUmdii 
on Spruce, The needles are beset 
with aeudia; discoloured ]iarts of 
them arc shown black, the noimally 
green being left white, (v Tubeuf 
del) 


Chr. abietis (Wallr.).i Needle-rust of spruce. Tliis is parasitic 
on the spruce (Pieen cereha), and is found on the Alps up to 
an elevation of over IVOO metres. About the beginning of 
May the hibernating teleutospores produce promycelia and 
sporidia. The latter germinate at once, and the germ- tubes 
make their way through the epidermis into young unfolding 
needles. The mycelium is well-developed and lives iiiter- 
cellularly, sending haustoria into the host-cells ; it contains 
yellow oil-drops, so that by the end of June needles contain- 
ing it exhibit yellow-coloured stripes. For the remainder of 
the year reddish-yellow elongated teleutospore-cushions are 

^ Reess, Bofan, ZeitaiKj, 1865 ; Die liostpilz/onnen d deiitsrhen Coni/eren, 1869. 
Willkomm, Die mikroneopMien Feinde de<< Weddea, 1868. 
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formed, and m this condition the fungus hibernates, to develop 
further in the follojsrmg spring It is only in very dry cold 
winters that the needles dry up and fall off, as a rule they 
remain on the trees About the beginning of May the spore- 
cushions* break through the epidermis and give off multicellular 
teleutospores, which are as a rule branched 
Thence arise the four-celled promycelia, with 
sterigmata, from which a single sporidium is 
ab]omted 

Diseased needles remain green except in 
areas inhabited by mycelium , yet needle cast 
soon follows liberation of the fungus-spores 
Starch is laid up in large quantity in diseased 
needles during the first summer, but is com- 
pletely used up again by the mycelium for the 
formation of the teleutospore-patches Spruces 
inaA suffer considerably from loss of foliage 
induced by this fungus, }et the risks are b} 
no means so great as in the case of Ch'iysu- 
where the whole existence of the plant is 

IJredospores are unknown for this species and an Aaidnim 
stage has not as jet been discovered lieess has shown experi- 
mentally that the teleutospores germinate directly on spruce 
without ]nter\ention of an aecidial stage 

Chr piceae Bare On needles of Picea moriada in India 
Chr erapetn (Pers ) (Britain and US America) Uredospoics on 
Empetn/m niqnhn Caeom i unpetu (Pers) is the aecidial foiiu 

Chr pirolae (DC) (Britain and U S America) Uredo and teleuto 
spoies oil Pifrola Aecidia unknown 

Chr albida Kuhn On in (iermain and U S Ainerita 



Fig 213 —-Chryso nv^ 
al t « on Picea i h t 
The sort occupy the 
middle portion of eac-h 
needle which Is jn c( n 
sequence yellow while 
the apex and base arc 
still green (v TuHuf 
del) 


ihododcnd)^ 

endangered 


Cronartium. 

Teleutospores unicellular and lemainmg attached togethei 
in the form of a long coiled process, they germinate in 
sfitn and give off sporidia The masses of teleutospores arise 
on the place formerlj occupied by a uredospore-sorus The 
ovoid uredospores are abjointed from short stalklets enclosed 
in son with a short peridmm Aecidia are developed on other 
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host-plants, and several species produce blister-rust on the bark 
of species of pine. 

Cronartium asclepiadeum (Willd) (U.S. America). ITredo- 
and teleutospores occur on Cynanchim Vincetoxicum (perhaps 



Flc. tli —Ciomit/um anil flxidtiaii on Cynanrhvni Vinutonium The umio- 
sori show as spots, the teleutospore-son , vs i)roccs8e& on the leaves (v Tubeuf 
del) 

also on Gcntiana asdepiadm). The aecidial stage, known as 
Feridirrniim Coniui Itostr. et Kleb. produces a blister-rust on 
the bark of Finns sylvesfris. 



Brown spots may be found on the leaves of the Cynanchim^ 
during July, August, and September (Big. 214), On examina- 
tion of the spots with a lens, the leaf-epidermis will be found 

very common plant in Europe though not indigenous to Britain. (Edit.) 
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pierced by a circular opening under which lies the yellow 
uredospore-patch of .the Cronartnm enclosed in its peridium. 
The ovoid yellow uredospores have a coat beset with short 
spines and are abjointed singly from short cylindrical sporo- 
phores (Fig. 215). From the uredo-sorus there next arises a 
protuberance which lengthens till it forms an elongated slightly 
curved brown cone or column consisting of cylindrical teleuto- 
spores firmly built together (Fig. 215). The teleutospores 
germinate without becoming detached from the mass, and 
produce a four-celled promycelium with small sterigmata from 
which globular sporidia are abjointed. The sporidia on reach- 
ing the branches of Scots pine produce in its bark at first 
pycnidia, later aecidia. The pycnidia (spermogonia) give off 
yellow drops of liquid with a characteristic odour. The 
aecidia are yellow thick-walled sacs; their spores are set free 
in spring and infect young plants of Cynanchvm. 

Since the sporidia of the Cronartinm -stsige are shed by 
September, the fungus would seem to hibernate only in the 
form of mycelium in the branches of pine. 

The effects of this fungus on the pine will be considered 
along with those of Peridcrmwm pini, another blister-rust 
of pine closely resembling this species (p. 411). 

Or. ribicolum Dietr. Uredo- and teleutospores are developed 
towards the end of summer on leaves of various species of 
Rihes (e.g. Hihcs nigrum, rubrvm, anreum, aJinmtm, ffaiigulnenm, 
americanum, rotundifoHum, setosum, and Gromdaria). The 
aecidium-stage {Fcridermmm strobi Kleb.) forms the blister-rust 
of the bark of Weymouth pine {Pinus Sfrobus). Pycnidia 
appear in the summer of infection ; the aecidia a year 
later. Externally this bark-rust resembles that of Peridermium 
Gornui and P. pini on the Scots pine. It may cause con- 
siderable damage to Weymouth pine both in nursery and 
plantation.^ 

It is probable that other two forms of Aecidium are identical 
with this, viz., that on Pinus Lambertiaim in America, and 
P. Cembra especially in Russia. 

Or. flaccidum (Alb. et Schwein.) (Britain and U.S. America). 
Uredo- and teleutospores on Paeonia, causing the leaves to dry 

^Magnus [Oartmfiora, 1891) has pointed out that both the Cronartium and 
the Peridermium are unknown in America, the home of the Weymouth pine. 
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and curl up. In some districts very common. Aecidial stage 
unknown. 

Gymnosporangium.^ 

Teleutospores bicellular and furnished with stalks whjch have 
gelatinous walls, so that the spores come to form part of a 
gelatinous mass.^ The first-formed teleutospores are thick - 



Fio 210 —Gi/umo'ipoutmnum claiamuto lu 1, 2, t, Stages in duvblopmcnt of 
the spore cushions 4, ), (>, Isolated siKirea (enlarged) , is thin coated, the 
others are thick, coitod 7, Germinating ipore with proniycelium abjointuig 
sporidia (^) 9, A germinating si»onduini ( ^fter Tubeuf ) 


walled, the succeeding ones are thin-walled. Uredospores do 
not occur. The aecidia have a thick peridium. The teieuto- 

W. Tubeuf* (1) Centralhlatt f Bakter. ti Farasitenhmde, 1891 j with a review 
of the current literature (2) “ Infectionen nut taymnosporangium. ” Forstlich 
naturwiss. Zeitschnjt, 1893, p. 75 Woenile, “ Anatomische Untersuchungen d 
durch Gymnosporangium Arten hertorgeiufenen Missbildungen, ” idem., 1894 
American Literature, see p. 401. 

*The gelatinous substance is obviously well-adapted to absorb rain-water 
and 80 facilitate germination of the teleutospores in f>itu; the spondia pro- 
duced are then earned off by rain or liberated after the cushions dry again. 
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spores grow on needles and twigs of Coniferae, the aecidia on 
the leaves of various Eosaoeae (Pomaceae). Five species occur 
in Germany, but there are many in America. 

Qynmosporangium clavariaeforme Jacquin. (Britain and 
U.S. Aiperica.) The mycelium of this species perennates in 
twigs of Juniperus communis. Infection is brought about by 
aecidiospores. In the following year a swelling of attacked 
places is evident, and this increases till death of the host 
ensues. In spring, about the beginning of April, little light- 
yellow cone-like structures break out on the swollen places, 



(W Fjg 21V —Section through a swelling on a sixteen year twig 
•of Juniper attacked by Gymnoiporangium in its eighth year, 
three corneal spore cushions ai e indicated, also a cushion scar 
with the scar-tiBBue (After Woemle ) 



Fio 218 -Longitudinal 
section of a spore cushion 
of 0)/mno»poHingmm clti‘ 
vnt uieformr Somewhat 
diagrammatic. (After 
Woemle ) 


and during rain swell up into long club-shaped sporophores, 
containing long-stalked, spindle-shaped teleutospores, some thick- 
coated, some thin. The sporophores swell and ultimately form 
a common mass in which the teleutospores germinate. The 
spores have four germ-pores, each capable of giving off a 
promycelium with pointed sterigmata producing sporidia, which 
are cast loose and distributed by wind. 

Germination of sporidia takes place on leaves, cotyledons, 
petioles, and shoots of various Pomaceae, where they may 
induce swellings or curvature, often to a considerable extent. 
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Experimental infection with teleutospores of Gymnosfpor- 
angium clavariaeforTiie from Juniperm communis gave the fol- 
lowing results: 


On Host-plant. 
Crataegug Oxyacantha, 
Pynts communis, 
Crataegus tomentosa, 
Crataegus Oxyacantha, 
„ monogyna, 

Pyrus communis, 

Pyrus torminalis, 

Pyrus Mains, - 
Amelanchier, - 

Crataegus Oxyacantha, 

Crataegus grandiforus, 
„ sanguinea, 

„ nigra, 

Cydouia vulgaris, 
Pyrus Aucaparia, - 

Pyrus latifolia, 
Cydonia vulgaris, 

Crataegus nigra, 

Crataegus Douglasii, 
Pyrus Aria, 

Pyrus Aucuparia, - 

Pyrus communis. 


Spore-form. 

Authority. 

[ (?)--- 

Pfowright. 

R. lacerata, - 

Thaxter. 

|/2. lacerata, - 

Edthay. 

Roestelia (?), - 


pycnidia. 


„ 

Oersted. 

R. lacerata .r, 

[R. lacerata and aecidia 1 

Thaxter. 

1 with long tube-shaped 
[ peridia, - - - J 

■Tubeuf. 


- |-/^. lacerata, . - - „ 

■ only pyciiidia, - - „ 

- only pycnidia, - - ,, 

f p\ cnidia and little ) 

( aecidia, - - - f ” 

Ipycnidia and aecidia ' 

- 4 with long tuhe-shaped -Peyritsch. 
{ peridia, 

_ /pycnidia and little 1 

\ aecidia, - - - / ” 

- only leaf-spots, - - „ 

- no result, , • - ■ v 

I pycnidia and aecidia with / 

( a long peridiuni, / ” 


Note. — Before the relationship of the teleutospore-forms was known, the 
aecidia were designated respectively : Roestdia lacerata on Crataegus, R. comuta 
on Pyrus Aucuparia, and R. pencillata on Apple. 


The most abundant germination of sporidia takes place on 
species of Crataegm, and pycnidia (spermogonia) may make 
their appearance within fourteen days after infection on little 
yellowish sticky spots on leaves and shoots. By the time conidia 
(spermatia) have made their appearance, deformation may be 
far advanced. I did not succeed either in procuring germination 
of the conidia, or infection by means of them. 

2b 
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The aecidia are developed about the beginning of June, and 
on Crataegus their peridia in dehiscing split up into Very 
narrow lobes so to form a bristly tuft over the mouth of 



each aecidium. On cultivating infected plants of GrataegvjS 
indoors, I found the peridia to develop quite abnormally; they 
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may be as long as 10 m.m. and are bent like a horn (Fig. 219). 
A similar case is described by Barclay^ in which the peridia 
of aec|dia on Mhamnus dahurica were very long if produced 
in dry weather, but short if in moist weather. ^ 

The aeci(^osp®res are shed during the early part of June, 
and germi|iate at once on the bark of young juniper- twigs ; 
the mycelium growing thence into the spurs or branches to 
spread and hibernate. Teleutospores which germinate on 
Pomaceae other than species of Crataegus have apparently a 
normal mycelium, but produce pycnidia only, or aecidia with 



Fio. 220 - CrosH-Bection through a swelling caused by &)iiunosporan(jium on 
Juniper-stem ; pareucliynia with largo colls .uid thin walla is present in abnormal 
quantity. (After Woernle.) 

peridia differing from those on Crataegus. My own experiments 
on the quince and mountain ash regularly produce pycnidia only. 

Wakker® summarizes the anatomical changes induced in 
deformed shoots of hawthorn as follows : cork, collenchyma, 
sclerenchyma, and chlorophyll are not formed, lignification of 
the cells of medullary rays no longer takes place, and there 
are few intercellular spaces. Interfascicular cambium is not 
formed, while activity of the intrafascicular cambium is suspended 
at an early period, so that the vessels remain incompletely 
developed. The epidermis is irregularly formed and liable to 
rupture. All parenchymatous cells undergo enlargement in a 
radial direction. Starch is stored up in large quantity, and 
the formation of calcium oxalate is diminished. 

^“On the life-history of Puccinia coronata var. himalensu," Trans. Linnean 
Soc., London^ 1891. 

“This probably is the explanation of the long peridia obtained by Peyritsch 
.and described by Magnus {Berichte d. naturwiss. medic. Verein, Innsbruck^ 1892-93). 

^ Pringsheim's Jahrbuch, 1892. 
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The anatomical changes induced in diseased plants of Juniperus 
communis by G. clav<&iaeformc were investigated by Woernle 
under my dit^ctfon. His iresults were these: in vigorous branches, 
increased growth ' took place in the wood, bast, and rind ; in 
weakly .and poorly-grown branches, the wood increased less in 
proportion to the hast and rind. The most marked increase 
took place in the bast, and to an almost equal extent all 
round the branches. This abnormal growth absorbs so much 



water and plastic material that higher parts of the branch 
gradually die off, and dormant buds break out on the swelling. 
Increased growth results in increase in the number of medullary 
rays, while in the tangential section their height is increased 
from 2-10 cells to 10-20 and more; the wood parenchyma is- 
also more abundant, and together with the rays frequently forms 
large masses of parenchyma in the wood (Figs. 220-223). The 
tracheae no longer follow a straight course, and numerous 
intercellular spaces appear between them ; the tracheal walls 
frequently become thickened and have an increased number of 
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fissure-like pores in place of bordeied pits The wood-elements 
in cross-section are no longer round but polygonal , the bast 
becomes very irregular, paienchyma grows rapidly, bast fibres 
remain thin- walled and have no longer a straight course The 
mycelium fills the bast and rind, forming masses in the inter- 
cellular spaces , it IS easiest found m the tangential section 
On the fall of the club-shaped sporophores, a scar is left and 
under it will be found a layer 
of cork many cells thick , when 
new sporophores are formed in 
later years, they seldom bieak 
through the cork layer, but 
emerge through some new por- 
tion of the bark 

Gymnosporangium tremel 
loides Hartig^ on com- 

muiiLs The sporocarps of this 
species occur on the branches 
and needles, its aecidia — Itoe 
sfcJia penicillafa — on leaves of 
apple {Pyrits Malus) Aiia 

and P Cliamaimi'^piliLs This 
Rocstdia IS externally very like 
that of Cr clavaiiatfoimc on 
Ciatargas The markings on the 
cells of the peridium consist of somewhat wavy lines, not of 
short rod-like markings as in B coiimta^ and the cells of the 
peridium are joined by i characteiistic hinge-jomt (Fig 224, 
19 and 20) 

The mycelium perennates in the imd of Junipcru^ winmums 
and J nana, causing thickening of the twigs and a premature 
death of the distal portion above the swellings The chocolate- 
brown velvety spore-cushions break out between the bark-scales 
on the swollen places, about the middle of Apiil (Fig 225, i) 
The teleutospores aie two-celled, the earlier formed ones being 
short, ovoid, and slightly pointed at each end, while the 
later ones are thmner-walled and often more elongated 
(Fig 225,6 10) 

1 Hartig, Diseofie'i of Trees, English edition, 1894 Dietel, ForsUich nature 
msa Zeitsehrift, 1895, p 348 E Fischer, Hedvng%a, 1895, p 1 



Pi — 1 u ^ciitul longitudinil sec 

tion through the p-vrenchyma /one of 
Pig -20 (Aftei Woeuile ) 
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In May or June the cushions swell up and become large 
brownish-yellow gelatinous clumps, dotted over with dark points, 
the teleutospores. Promycelia arise from one or more germ- 
pores in each spore, and give off basidia with sporidia (basidio- 



Fig 224 —Ati. tdta and Pi/cmdia of various species of Gymno»porangiv.m 
G tremelloidci—l and S aecidia on leaf of Pyrm Aua, and 0, aecidia on le if 
of Pyrus Malus , IJ and SO, jiortions of the ptridium of an aecidium from ^ 
showing the peculiar articulation of the cells 
0 junipennum — i and 4, aecidia on Pyim Aucupana, 7 and 8 aecidia on 
Ameianchier vulgarm 

G davanai'fonne — 9 and 10, aecidia on Pyiim loUfolia, 11, IS, and 1(, aecidii 
on Orataegwf Oxyataniha, grown out of doors , 14, the same aecidia enlarged 
IS, 1'), and 17, aecidia on Crataegm Oxynrantha, indoor culture , 18, deformed 
twig of Crataegus bearing pycnidia (After Tubeuf ) 

spores) capable of immediate germination. The gelatinous mass 
dries up from time to time, leaving a bright yellow scar on 
the swollen part of the host-branch. The sporidia germinate 
most easily on species of Sorbus {Pynis). Infections with 
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Gymnosporang%wi/n jumperinum L and G tremell(yides Hart from 
twigs and needles of Jumperus communis produced : 


On Host-plant. 

Spore form 

Authont} 

Pyrm {Soi hus) Aucupana, 

Rostelia cornuta, 

Tubeuf 

Aroma rotundifolia, 

short aecidia, 

Edtha) 

Pyrus Malm, - 
Pyrm {Sorbm) Ana, 

j-pyciiidia, 

Cydoma vulgaru. 

Roestelia (?), 


Pyrm {Sorhm) Aucuparm 

(?) 

Plowriglit 

Pyrm Malm, - 

pyciudia, 

Thaxter 

Amelavchter canadtm\\ 

Rostelia cornuta. 

„ 

Pyrm (Sorbm) Ana, 

R pemcxllata. 

Hai tig 

Pyrus Malm, 

R pemcillata. 

Nawaschiii 

Pyrm (Sorhm) Chamatmcspilm, 

R pemcillata. 


Mespilm man oearpa, 

spots, 

Pe} ntsch 

Pip us communis, 

thick spots, « 


Pyrm ( %rbm) Ai la, 

pvciiidia and aecidia 


Pyim (Soibm) Ana x C/iamaemesp , 

tliick spots, - 


Pyms Malm, - 

pv cniclia and aecidia. 


Pyrm (Sorbus) Ckamaemespilm, 

p^cnidia only, 


Pyi us (Soi bus) A ucupai ut, 

pycnidn and iccidia, 

n 

Aroma rotundifoha, 

Pyrus (Sorbiis) torminahs, 

p} c India and spots onl} , 

? 

Ciataegm Pyracantha 



Cydoma \ ulgans, 


,5 

Pyrm Malm, 

Rostelia pemcillata. 

Rostrup 


Formation of pjcnidial speimogoiiia always precedes that 
of aecidia 

This fungus IS of practical impoit on account of its occurrence 
on leaves of apple-trees Its attachs may be very virulent 
and widely distributed Eriksson mentions that near Stockholm 
it IS common on apples, and so virulent that many trees have 
every leaf studded with BoosUha (American apple-trees suffei 
from Boestcha pirata, the aecidia of Gymno^porangium macropu^ 
and other species See p 402 ) 

Gymnosporangium juniperinum (L) {G. comcnm Hedw) 
(Britain and U S America) This species, also frequenting 
Jumperus communis, is distinguished by its shorter spores, 
which, as Dietel pointed out,^ have a colourless papilla over 
each germ-pore The teleutospores are found on both twigs 
and needles, on the former, however, they are much smaller 

^ Forsthch naturmss Zeitschrift, 1895, p 378 
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than those of G, tremettoides. The aecidiospores — Eoestelia 
corrnUa — occur oi^ species of Fyrus (Sorbm); they are much 
smaller than those of Eoestelia penicillata. The Eoestelia 
themselves are long, curved, and horn-like, while the walls of 
the peridial cells are beset with short processes (Fig. 224). 
Where Pyrus Aucuparia occurs mixed with Pyrus Malus, 
it has been observed that Eoestelia cornufa is confined to the 
former species exclusively. The Eoestelia is the cause of a 



Fig 225 — Gy rninonpoi anqium juni'pennum aae G tianilloideg Young spore 
cushions breaking through the bark , 2, the same in swollen condition , 3, gela 
tinons cushion arranged to show its lowei surface , U, Juniper needle with three 
spore cushions , 6, young Juniper plant bearing cushions on its needles , 6 to 10, 
spores of vanous kinds, to show the variation in size, shape, and thickness of 
wall, 11, cell of a promycelium with a spondium attached, f*, germinating 
spondium (After Tubeuf ) 


marked deformation of leaves, petioles, and even (though rarer) 
fruits of Pyrus Aucujmria and Aronm rotundifolia, both in 
the lowlands and mountains. 

I have produced Eoestelia coimuta on Pyrus Aucuparia by 
artificial infection with portions of spore-cushions from twigs 
of juniper, and have observed a mountain ash in closed forest, 
with abundant Eoestelia, directly beneath an overhanging juniper 
with diseased needles. 
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Woernle investigated the anatomical changes induced by the 
various Gymmsporangia frequenting the twigs and needles of 
Juniper'm communis. In the needles the mycelium lives inter- 
cellularly, at first outside the endodermis, but later also penetrating 
within this. The sporogenous cushions originate on thfe upper 
surface of the leaf to right and left of the middle nerve, 
where the stomata occur and hypoderm is absent. At these 
places a cushion or stroma of pseudoparenchyma is produced 
and ruptures the epidermis (Fig. 226). Tliis however is at 
once healed over by a cork-formation lound the maigin of the 
cushion, again to be luptiired as the latter increases in size, 
once more to be healed by cork-formation, and so on. In 



1 10 22 o — ( omp inson of (</) nonn il .luinptr uecdlo with one (Ji) btariiig ttlcuto 
81)0108 of Opuno’^poratMnum In o the double outline mdicutes the hji)odenn, 
the centr il va* cular bundle and in underlying resin canal arc shown (After 
Woernle ) 

this way a corky layer is formed under the sporogenous cushion 
and gradually displaces it. If in a following year the cushion 
be again formed, the scar is ruptured and heals as before. 
Needles frequently remain in position for two, three, or four 
years, but most of them fall olf in the first autumn. Undei 
the sporogenous cushion the cells of the mesophyll increase 
both in number and size. 

In considering the twig-defoimations, Woernle distinguishes 
the form assumed by the Gymnosporangium on the needles, as 
just described, from a form which inhabits the thicker twigs. 
Both cause deformation of twigs, but their effects differ as follows: 
“The needle-inhabiting form can only cause a slight swelling 
extending almost regularly round the whole twig; the twig- 
inhabiting form, on the other hand, always gives rise to a very 
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marked swelling on one side only (Fig. 227). In the needle- 
form the swelling results from increased growth of the rind, 
with a simultaneous decrease of growth of the wood; in the 
twig-form the growth of both wood and rind is much increased. 
With the twig-inhabiting form the medullary rays and wood- 
parenchyma increase, and at the same time become filled with 
mycelium (Fig. 228); whereas with the other form the medullary 
rays are at most only somewhat broader, and no mycelium can 
be found in the wood The greatly swollen rind in the case 


Fio 227 —Section of a nine year twig 
of J nniper attacked by Gymnospot angivm 
The nnd under the spore cushion is 
much thickened , the wood towards the 
same side is much broken up by tracts 
of poienchyina (After Woenilc ) 

of the twig-iuhabitmg form is due more to increased growth 
of the cortical cells than to increase of bast- parenchyma; in 
the needle-form, however, the swelling is the result of increase 
of the bast, especially of the bast-parenchyma. In twigs 
infected by the needle-form, the mycelium may be found all 
round, but it has difficulty in making its way radially to the 
cambium; in the twig-form the mycelium, as early as the 
spring following infection, will be found to be in close contact 
with the cambium on the infected side, although it requires 
several years to pass round to the cambium on the opposite 
side of the twig. The mycelium and spores of the two forms 
differ little from each other.” 




Fir; 228 -T ingeiitial section through diseased 
wood beneath a spore cushion The wood 
elements are much displaced by abnormal tracts 
of parenchyma (Only one of the latter has been 
filled in, the others left blank ) (After Wocrnle ) 
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The strikingly chaiactenstic cleavage of the wood by the 
overgrown elements of the medullary rays and the wood- 
parenchyma, in the case of the twig-inhabiting torm, will be 
seen from the figures (Fig 229) As already noticed, the 
sporogenous cushions are generally formed on one side After 



liQ 229 — I wo sections fnm i swelling on a JnniiHir bi inch Irom the 
middle of the swellmg the nnd under the spore cushion is much thickened and 
the wood 18 much broken up by tracts of parenchyma 6 Section from 2 c ni 
under a abnormal development of parenchyma in the wood has begun in the 
outer year rings (After TVoernle ) 


the shedding of the cushion, a corky layei aiises in the paren- 
chyma underneath it, and so a bark-scale is pioduced 

G3niinosporangium sabinae (Dicks ) (Britain ) The mycel- 
ium hibernates chiefly in Jumpenis Salnm (Sa\m), and induces 
swellings on the twigs It also occurs on Jiin Oxycedriis,^ 

^ I found this host species near Fiunie 
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Jun. virginiana^ and Jun. pJioenicea. (A reported occurrence on 
Finns Jwkpcnsis is profbably an error.) 

The sporogenous cushions are little dark-brown protuberances 
which break forth in spring from swellings, or on green 



Fig. 2SQ.--Gymno»pornn(iium xahmaf on twigs of Jvni^xiu't Ixtbtm, at the time 
of htjoratiou of spores (v Tubeuf phot ) 


twigs and scale- leaves. These bodies absorb water, swell, and 
run together, forming transparent gelatinous masses (Figs. 230 
and 231). The teleutospores resemble those of G. juniperinum, 
but have only four germ-pores ; they germinate on the 
gelatinous masses, and produce promycelia and sporidia. The 
latter germinate at once, chiefly on leaves of Pyrus com- 
munis. The pycnidia are produced on the upper epidermis 
as. sticky yellow spots bearing darker dot-like pycnidia. The 
aecidia (Roestdia cancellata) are found in September 6n the 
under-surface of the leaves of pear, also on leaf-petioles, young 
shoots, and even on the fruits. The peridia difcr from both 
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the species already described in remaining closed at the apex^ 
the spores escaping through trellis-like slits on the lateral walls 
of the peridia (Fig 234) 

This fungus Will not germinate on apple-trees, but on pears 
every leaf may be thickly covered with aecidia and pycnidia, 
and considerable damage to the crop thereby ensue (Fig 233). 



Fig 231 —Ijougitudiiiiil section througli 
a c-omcal teleutosporo sorus of Gymno 
dporanffium Sabmae (After Woernle ) 



Bio 2^2 — leleutosporos of 6 sabime 
The elongated thm walled ones are 
lighter m colour than the thick w died 
(Aftei Woernle ) 


Infections on various hosts with GymnospoTawjiiini sabiruxe 
from Jumperus Sabina gave 

Spore foim Authont\ 


On Host plant. 
Pyrus commums, 
Crataegus Ovyatantha, 
Mespilus germanica, 
Pyrus communis, 

Pyrus commums, 

„ Michauxii, 

„ tomefUasa, 

Pyrus commums, 

Pyrus commums, 
Crataegus Oxyaiantha, 



Rostcha cantelJata, 

},. „ 


Plowright 
Oersted and Dt Bar j 
Rdthay, Tubeuf, etc 

Eeess 

E Fischer 
Klebahn 

,, (uncertain). 
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The anatomical changes exhibited in diseased parts of pear- 
leaves have been briefly described by Fentzling.^ He found a 
radial elongation of the cells of the spongy parenchyma and an 
accompanying accumulation of starch. Wakker, about the same 
time, obtained similar results in the case of Cratmgus Oxyacantha 
deformed by (?. clavariaeforme (see p. 387). Wakker observed 
a diminished formation of calcium oxalate ; Fentzling, however, 
found increased deposit of the same salt, not only in the form of 



Fio 233 —Qymnoiporangium talnnae in the form of RoesteUa cancellata on 
leaves of Pear A few twigs showing the abundance of aecidia over the whole 
tree (v Tubeuf phot ) 


isolated crystals but as masses. Cork-formation was suspended 
in Wakker’s case, while in Fentzling’s a partial formation of 
cork was distinguishable beneath the epidermis. The increased 
thickness of diseased leaves is due principally to multiplication 
of the spongy parenchyma, the upper layers of which frequently 
become more or less palisade-like. When pycnidia (spermogonia) 
are formed on the upper leaf-surface, the palisade parenchyma 

1 Fentzling {he. ctV.) and Peghon {Rmsta dt Patologia Vegetale, ii.), also describe 
these alterations. 
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of the spot in question is either completely destroyed or trans- 
formed into irregular cells, separated by intercellular spaces. 

The anatomical changes in swellings (Fig. 235) induced by 
G. sabinae on Juniperus Sahina were investigated by Woernle 
with the following results. Wood, bast, and rind are increased 
round the whole circumference of the stem. Along with 
the broadening of the year-rings, however, there occurs a 
change in the structure of the diseased wood. The same 



Fio 23| —A few leaves enlarged from Fig 2S3 The leaf to left hand bears 
pycnidia on red spots on the upper surface of the leaf , the remaining leaves boar 
aecidia on raised portions of their surface Several aecidia still further enlarged 
show the pendia dehisuug by longitudinal slits (v Tubeuf del ) 


tissues occur in the year-rings as already described for G. 
clavanaeforme, viz, thickened twisted tracheids, loosely connected 
together and with fissure-like pits ; medullary rays more 
numerous and broader; the limits of the year-ring difficult to 
distinguish; and a yellow pigment deposited in the walls of 
all the elements. A tissue of this nature may be found round 
the whole circumference of a twig even in the first year after 
infection, and regularly each succeeding year. Woernle only 
rarely found zones of irregular cell-formation like those 
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characteristic of Cr. davarimforme. No mycelium occurred -J^in 
the wood. A comparison of normal bast with that of infected 
twigs revealed changes similar to those already described for 
(x. davarimforme. In addition, it is to be noted that the 
thickened bast-fibres no longer occurred in closed masses, but 
were of^Sen completely absent in the first year after infection, 
while in all diseased twigs every intermediate stage exists 
between thin-walled bast-elements and thick-walled bast-fibres, 
such as never occur in the noirnal twigs; in fact, many twigs 
had thin-walled elements only 



Fig 23t — Swelling from 
a branch of Junipoum 
isahma attacked by Oynino 
»poi angiuiu mbtnat Dia 
meter at thinnest part 1 7 
oentimetie, at the thickest 
6cm (v Tubeuf phot ) 


Fi< 236 —Sections of a twig of Savin attacked by 0 mlnna 
n, At thickest part of the 8W< lling , h, Si m under a and normal 
111 a 18 shown one of the hollow telcutoapore cushions , five 
cushion scars , in the second year ring are two shaded rones 
of wood, chiefly composed of parenchyma ( x 25 ) (After 
Woemle ) 


The sporogenous cushions of G. ^ahtnac are formed in (][^uite 
a different manner from those of G clavariaeformc. Beneath 
each cushion the bast increases very rapidly and forms an out- 
growth, which is still further enlarged by the addition to its 
apex of six or seven rows of radially arranged cells, rounder 
and smaller than the bast-cells of the cushion. The mycelium 
penetrates between these outer cells, and forms over the whole 
celldlar outgrowth a pseudoparenchyma from "which the sporo- 
genous tissue arises. 
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A sharply defined roundish scar of a light-yellow colour 
remains after the spores are cast. This is composed of a 

superficial layer of coloured pseudoparenchyma, with an under- 
lying scar-tissue of* characteristic constitution. The latter con- 
■sists of several layers of cork-cells extending from one’ edge of 
the scar to the other, separating the cushion from the twig- 
tissues. This scar- tissue . is not broken through next year, but 
the new sporogenous cushions break out through other parts 
of the bark (Fig. 236). 

G. confusum Plowright.^ (Britain.) This is found on 
Jnniperus Sabina along with 0. sabinac, from which it is 

difficult to distinguish. Pycnidia and aecidia are produced 
generally on Crataegus Oxyacantlia and Cydonia vulgaris, rarely 
on Pyrus communis. The aecidia on Crataegus resemble those 
of G. davariaeforme, on the same host, and dehisce by the 
ruptured apex of the peridium. Those produced on Pyrus 
communis are distinguished “ from aecidia of G. sabina^ on 

the same host by dehiscing through the open apex of the 

peridium. 

Infections of Gym. coufusvm from Juniperus communis gave 


the following results : 



On Host-plant. 


^ Authority. 

Cydonia vidgaris, 

^pycnidia and aecidia witli 
\ tubular peridia, 

j-E. Fischer. 

Crataegus Oxyacantha, 
Pyrus communis, 

Crataegus Oxyacantha, 


Plowright. 


The following American species of Gymnosporangium have 
been described:*^ 

On Arborvitae or white cedar: 

G. biseptatum Ellis. On twigs and needles of Chamaecyparis 
thyemdes and Libocedrus decurrens. The aecidia on Crataegus 
tomentosa and Amdanchier canadensfis. 


^ Plowright, Linnean Soc. Journal (Botany), 1887. E. FisCher, Zdtschrift f. 
PJlanzenkrankheitm, i., 1891 ; with summary of literature. Klebahn, Forstl.- 
naturwUs. Zeitschrift, ii., 1893. 


®E. Fischer (loc. cit.). 

“Farlow, The DeveUmnent of the Gymnoeporangia of the United States, 
and other papers, thaxter in vawous ^pers on Gy^M^rangia, 18^ to 
1891. Halsted {Bep<»i on Vegetable Pathology for 1888, U.S. Dept, of Agn- 
culture) gives a resume, with aescription and fibres of O. m^ropus 
treatment for orchard-rust.- Fischer, MiUchrift f Pflanzenhranklmteu, i., 1891. 
2C 
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0. EUisii Bern On Chummai^ris thyoides^^^ Th^ aecidif^l 
•stage on Pyrm Malm and P, afhviifolia. 

On red cedar* {Junipmis virginiana ) : 

0. macropUB Lk. The aecidia and pycnidia occur on Pyrm 
Malm, 'P. coronaria, P. arhutifolia, Orataegm tomeniosa, C, 
Douglasii, and Amelanchier canadensis ; they are known as 



Fiq. 237.— Spores of 
%TO, InKvtatum, (After 
Woernle.) 



/] 


Pio. 238.— Siwres of 
Gym BUtsii. (After 
Woernle.) 



Fi& 230 —Spores of 
Gym. maci opun, (After 
Woernle.) 


Poestelia pirata. This is one of the commonest causes of 
apple-rust and of the deformation known as “ cedar apples ” (Fig. 
240). The anatomy of the latter structures has been described 
by Sanford.^ 

6. clavipes Cooke et Peck, occurs on Junipems communis. 
Its aecidia and pycnidia are found on Pyrm Malm, P. arhuti- 
folia, and Amelanchier canadeTisis. 

^ Sanford, Annals of Botany, i., 1887. 
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0, ,gldl>OSUia Farl. Aecidia on Fyrvs F, communis, 

Cydo^ic^' milgaris, Sorhtts amcrimna, and species of CrataegiLs, 

0. nMus-avis Thaxt. Aecidia and pycnidia on Fynis Makis, 
Amdanchur canadensis, and Cydonia vulgaris. On the red cedar 
it causes the “ bird’s nest ” deformation of the branch-system. 

G. speciosiuxi Peck. On Juniperus 
occidentedis, 

G. Cunninghamianum Bard. On 

Cypressus tonilosa in the Himalaya. 

Aecidia on Fyrus Fashia. 

The following genera do not occur 
in Europe. Coleopnccinia, Favenclia, 

Aheolaria, Trichospora. 

Ravenelia alone among«?t these 
contains parasitic species of import- 
ance. They all occur on Legiiminosae 
and Euphorbiaceae in the warmer parts 
of India, Africa, and America.^ 

Ravenelia Volkensii Henn. has teleutospore-sori which appear 
on “ witches’ broom ” deformations of the twigs of an Acacia in 
Usarnbara. 

Rav. pymaea Lager, et Diet, produces its teleutospores on 
malformed branches of Fhyllanthus in Ecuador. 

Certain forms of Aecidiam which cause deformation of species 
of Acacia should probably be included in this genus (see p. 410). 

Endophyllnm. 

Teleutospores originate serially on cushions which are enclosed 
in a peridium similar to aecidia ; on germination, a four-celled 
promycelium is produced.- Leaves of Euphorbia, Sedum, or 
Ecmpervivim inhabited by mycelium develop abnormally. 

Endophyllnm euphorbiae-silvaticae (D. CO (Britain). Accord- 
ing to Winter, the peridia are regularly distributed over the 
underside of the leaf of Euphorbia amygdaloidcs \ they have 
white fissured margins either erect or somewhat turned back. 

^Dietel, “The Genus Ravenelia,” Hedwigia, 1894. 

^ The teleutospores this genus might be described as aecidiospores which 
produce promycelia. 



Fig 240 —Cedai AppU» caused 
by Oiihinoi>i>oran0tuvi marropm. 
(v Tubouf del ) 
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Spores yellow and polygonal. Leaves when attacked remain 
broad, short, and pale coloured. 

E. sempdfvivi (Alb. et Schw.)^ (Britain). The aecidium-like 
patches of teleutospores occur on wild and cultivated species of 
Sedum *and Eschemria. The spores produce promycelia from 
which arise sporidia which germinate on the same host-plant. 
True aecidia are unknown, but orange-red pycnidia (spermo- 
gonia) may occur. Leaves of attacked plants are pale and 
abnormally lengthened.® 

E. sedi (D. C.). Teleutospores occur on species of Seditm. 

The genus Pucciniosim found in Ecuador contains few species, 
and none of them important parasites. 


Aecidium-Forms 

The relationships of which are uncertam. 

Aecidium elatinum Alb. et Sehw. (Britain and U.S. America). 
The witches’ broom of the silver fir.^ This Accidnm is widely 
distributed in forests containing silver fir {Abies pectinafa), 
and produces canker of the stem frequently accompanied by 
that deformation of the branch system known as a witches’ 
broom. 

In Germany it has also been observed on Abies JTordmanniana, 
A. cepJmlonicn, A. Pinsapo; in North America on A. balsamen ; 
and in Siberia on A. Pichta. 

As a result of the presence of this fungus, globose or barrel- 
shaped swellings make their appearance on stems and branches 
of all ages and on all parts of the trees. A single stem may 
carry one or many of these, and they continue to increase with 
its growth. If, as is frecpiently the case, the bark covering 
the swelling becomes ruptured and partially detached, then 
the wood left uncovered becomes a wound, and falls an easy 

^LeveiH4, Bidlef. Scknce. ^atur., xvi., 1825. 

® Illustrated in Kerner’s Natural History of Plants^ English Edition (Fig. 358). 

®De Bary, Botan, Zeitung, 1867. Weise, “Zur Kenntniss d. Weisstanneii- 
krebses,” Milndener Forstliche He/fe, 1891. Heck., Her Weisstannenkrebs.’* 
Springer, Berlin, 1894 ; with Illustrations and Bibliography. 

The canker is common throughout Britain, but witches’ brooms have not 
been often recorded. (Edit.) 
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pi-ey to wood-destroying fungi.' The presence of such rottin<r 
spots renders the tree liable to break over in their neighbour” 
hood, while they, as well as the swellings on the trunks, cause 
a considerable depreciation in the value of the timber. 

The malformations of the branch-system known as witches' 
brooms are frequently induced by this fungus. They occur as 
a rule on the horizontal branches and form a richly branched 
bush easily distinguished, even at a distance, by a marked 



iio. 2^.— Witches Broom oj Silver Fir (winter condition). The noedles, with 
HporCH of Aecidium elatiimm, have fallen off, but the normal foliage remains 
(v. Tubouf phot.) 

negative geotropy of its twigs. Tlie brooms not uiifrequeutly 
start from a marked basal swelling. They may be found of all 
sizes, on young as well as old trees, on any part of the branch- 
system, and 'in all localities where the fir occurs (Figs. 241 
and 242). 

The aecidia of Acndiiwi clatmum are developed only on the 
deformed needles of the witches’ brooms. These needles are 
produced anew each spring, live only one season and are cast 

^ Pdiyporus Hariigii and Agaricm odipoHxtA in particular accompany this 
canker and bring about decay of the wood. 
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the fifame autumn ; they are small, one-pointed, and pale from 
an almost complete lack of chlorophyll. In these respects they 
; are quite distinct from the larger double-pointed normal needles 
with their dark-green colour and a period of growth extending 
oter sefveral years. All the needles on a broom are as a 
rule stunted in the manner described, yet single branches 
may be found -with needles quite normal ; such contain no 
tnycelium, or, if so, it has found its way in too late to have 
any effect on their growth. 



Fia. 242.— Witches' Broom oj Silver Fir (summer condition). The markedly 
negative geotropic broom has its origin in a distinct basal swelling, (v. Tubeuf 
phot.) 


The various tissues of the witches’ brooms also undergo 
considerable modification as compared with normal twigs. A 
thicker and softer bark is present, due to the parenchymatous 
cells of both outer rind and bast having enlarged in size and 
increased in number; the cork layers are also abnormally in- 
creased. The same changes may be observed in the rind of the 
swellings, and to this their increased size must be chiefly ascribed, 
The wood both in twigs and swellings is much increased ; 
the year-rings however are very variable, sometimes they are 
broader than the normal, again they may be diminished or 
even altogether wanting; where however the wood decreases, 
there the bast increases in proportion. This lack of uniformity 
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in the growth of the wood disturbs the elements, so that 
they are irregularly developed and more or less twisted.' 

A mycelium inhabits the tissues of abnormal twigs and 
cankered swellings. It grows in the intercellular spaces of 
the rind, between the bast cells and outer parts of the wood, 
and derives nutriment by means of haustoria ; these either bore 
through the cell-walls, oi only press closely against them so 
as to cause depressions. 

Spore-formation takes ]jlace on the needles of the witches’ 
brooms. The pycnidia (spermogonia) are produced on the 
upper side beneath the cuticle 
and emerge through it as little 
yellow points. The conidia (sper- 
matia) are tiny globose colourless 
bodies. The aecidia come later 
during June and July in iriegular 
rows on the under side of the 
leaf. Their peridia break out as 
low dome-like structures, the 
apices of which ru])ture inegu- 
larly to allow escape of aecidio- 
spores. In .siiite of numerous 
infections, I)e Bary was unable 
to observe the penetration of a 
germ-tube into needles or twigs 
of silver hr. Weise believes that 
infection of the fir takes place 
on twigs which have just emerged 
from the bud. 

As a preventive measure, all 
witches’ brooms should be cut oh 
before spore-formation begins, and 
stems with canker- wounds should be removed during forest-thinning. 
For further details the monograph of Heck may be consulted. 

Aecidium strobilinum (Alb. et Schw.)^ (Britain). Spruce- 

^Note. — Further details of the anatomical changes induced in the tissues of 
these witches’ brooms may be obtained in the German edition of this work 
(pp. 420-421), or in the original thesis by Hartmann, (Anatom. Vcrgleichung d. 
Hexenhesen der Weisstanne. Inaugural Dissertation, 1892.) (Edit.) 

^Reess, Hostpilz/ormen d, Coniferen.y 1869. Oerstedt, Aaturh, for Vidensh, 
Medd., 1863, i. 
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cone rust, This disease is found on the cones of spruce. 
The aecidk are brown somewhat flattened spheres, and appear 
in large numbers on coneS distinguished by their scales standing 
stiffly open even in damp weather (Fig. 243). The germ- 
tubes of, the fungus find entrance in spring into the flowers 
or young spruce-cones, and the mycelium lives parasitic in 
the green scales without causing any marked change in 
their growth, although the ovules are more or less injured 
No mycelium has ever been found in the lower cone-axis, nor 
in the shoots, so that the disease must be the result of in- 
lection by spores only. 






Fuj 244 —Atmdium xUobihnum 1, Cone scale of Spruce with aocidia, those to 
left dehiscing their yellow spores, those to right still closed (v Tubeuf del ) 
2, Section through an immature aecidium 3, Part of 2 enlarged— pcj , pondium , 
*p, spores , zw, intermediate cells , gpti , sporophores , m, mycelium , jmi , the 
scale parenchyma (After Roess ) 


The aecidia break out on the inner (rarely the outer) side 
of the bases of the cone-scales, each is enclosed in a firm 
brown lignified peridiurn, which ruptures by a cross-fissure 
and becomes an open disc. The young spores are joined by 
small intermediate cells, which are gradually absorbed to 
form a layer of gelatinous lamellae on the spore-coats 
(Fig. 244). 

Teleutospores of this Aendtum are unknown. 
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Aecidium pseudocolumnare Kuhn.^ Occurs on needles of 
Abies peetinata in Germany; in Britain, however, on this and 
several other species of Ahirn. It is distinguished by its large 
white spores from the Arc. colnmnare of Caly^itoRpom (p. 372). 

Aec. Magelhaenicum Berk. This species occurs on •various 
species of barberry. The mycelium hibernates in the shoot- 
buds and causes them to develop as witches’ brooms, bearing 
on the lower surface of their leaves aecidia with long, white, 
sac-like peridia. The allied teleutospore-form is as yet unknown. 

Aec. clematidis D. U (Britain and U.8. America). On Cleniatu Vitalha, 
€. rerta, and otlier species. It is related to Puccinia aqropyri Ell. et Ev.'-^ 

Aec. Englerianum Henn. et Lind.^ produces a })eculia]’ antler-like 
branching of the twigs and leaves of a Clematis at Eritrea (Lytri) in the 
Orecian Archipelago. 

Aec. punctatum Pets. (Aec. quadi'i/uhim ]).('.) (Britain and U.8. America). 
This is a common species on Anemone (F'ig. 190) and Eranthis. The 
aecidia have white peridia, which on dehiscence break into four lobes. 

Aec. leucospermum i). 0. (Britain and U.S. America). On Anemone 
nemorosa (Fig. 190). 

Aec. hepaticae Beck. On Anemone. Hepatiea. 

Aec. ranunculacearum 1). C. (Britain and U.S. Aniejica). On species 
of Itanuncvlus. A collective name for aecidia of several species of Uromyees 
(p. 83f)X and Paceinia (p. 349). 

Aec. aquilegiae Pers. (Britain and P.S. America). On Aqnileqia 
vulgaris and other species. (See Puednia agrostidis, p. 349.) 

Aec. actaeae (Opiz.). On leaves of Aetaea spieata in Europe and America. 

Aec. barbareae D. C. On species of Barbarea (Britain). (See Puec. 
festueae, p. 349.) 

Aec. circaeae C'es. On species of Circaea. 

Aec. grossulariae Sebum. (Britain and U.S. America). On Jiibes (Jrossu- 
laria and It rubrum. Klebahn believes it is related to a Puccinia on Carex. 

Aec. bunii 1). C. On Conopodium denudatiim in Britain. (See Puce. 
hUtortae, p. 355.) 

Aec. periclymeni Sebum. On sjjecies of Lonicera. (Britain.) (See Pace, 
festmae^ p. 349.) 

Aec. compositarum. A provisional species-name for a large number f»f 
aecidia frequenting Compositae, and by no means resembling each other. 

Aec. leucanthemi D. C. A European species with its Puccinia-ioxva on 
Carex montana. 

Aec. cyani D. C. On Centaurea Cyaniis. 

Aec. ligustri Strauss. On Privet. 

Hedwigia, 1884. 

‘‘“Dietel, Oesterreieh hotan. Zeitung, 1892. 

■*Engler’s Botan. Jakrhueh, 1893. 
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Aec. phillyreoe D. 0. Ou apwies of Phillyrea (Britain ?). 

Aec. frudni Schwein. This causes serious damage in America to the 
foliage of Framnm viridu and Fr. annimcanay It has also appeared in 
Europe on the latter species introduced from America. 

Aec. nymphaeoidis D. C. On leaves of Limnanthemum, Nuphar^ and 
Nympkaea. (Britain.) 

Aec. pedicuiaris Lib. On Fedimlark. (Britain.) (See Pucc. paludosa, 
p. 351.) 

Aec. pninellae Wint. On Prunella vulgaris. (Britain.) 

Aec. euphorbiae Gmel. is found on many species of Euphorbia. It in 
probably the Aeddium-iorm. of Uromyces pisi. (Britain and U.S. America.) 

Aec. qpnvallafiae Schum. (Britain and U.S. America). Probably a 
provisional species-name for aecidial forms found on Convallaria, Polygon- 
atum, Paris.^ etc. (See under Puccinia.) 

Aec. ari Desm. (Aee. dracontii Schwein.) is found on species of Arum. 
(Britain and U.S. America.) (See Pucc. phalaridis^ p. 349 ) 

The following species are found on Acacia and seem to have 
strong affinity with the genus Ravenalia : 

Aec. esculentum Bard, produces deformation of twigs of Acacia ehiirnea 
in India. Twigs of this kind, likewise shoots defonned by Aec. urticac var. 
himalayense Bard., and pine-shoots deformed by certain species of Perider- 
mium, are eaten in various parts of the world. 

Aec. acaciae (Hemi.) on Acacia ethaica in Abjssinia. This is said by 
Magnus to cause witches’ broom deformation. 

Aec. Schweinfurthii Henri, causes malformation of fruits of Acacia 
Fistula in Afiica. 

Aec. ornamentale Kaldi. causes curvatuie of shoots of Ataxia hornda 
at the Cape. 

The following are some of the more important species 
recorded for North America only : 

Aeddium dicentrae Trel. Leaves of Dicentra and Corydalh 

Aec. monoicum Peck. Leaves of Arahis. 

Aec. drabae Tr. et Gall. 

Aec. lepidii Tr. et Gall. 

Aec. proserpinacae B, et C’. 

Aec. J^-Wilsoni Peck, 

Aec. Petersu B. et C\ ) 

Aec. cerastii Wint. 

Aec. pteleae B. et C. On leaves of Ptelea trifoliaia. 

Aec. xanthoxyli Peck. 

Aec. splendens Wint, In the cotyledons of Croton monanthogynus. 

Ate. aesculi Ell. et Kell. 

Aec. psoraleae Peck, and Aec. onobrychidis Burr. Ou species of Psoralea. 

, 'Pound, American NcUtii'alist, 1888. 
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Aec Pecku De Toni and Aec ocnotherae Mont On leaves of species 
of Oenothera 

Aec sambuci Schwein On leaves and stems of Samhvms 

Aec ceanothi Ell et Kell 

Aec abundans Peck On sjiecies of Symplmicaipm 
Aec cephalaiithi Seym On CephaJanthus occidentalc 
Aec engeronatum Schwein On many species of Engeron 
Aec asterum Schwein On species of Aster and %lidago 
Aec polemonu Peck On Polemonmm and Phlo^ 

Aec apocyni Schwein On leaves of Apoct/umn 

Aec. Jamesianum Peck, and Aec Brandegei Peck On leaves of species 
of Asclepm'^ 

Aec myosotidis Bun On leaves of Myowtt\ luna^ etc 
Aec plantag^uiis C es On leaves of species of Platago in Euiope and 
Arneiica 

Aec pentastemonis Schwein On species of PcnMmmu 
Aec gihae Peck 

Aec lycopi Geiaid On leaves and stems tf Lycopv^ cmop<tn('i 
Aec indis Geiard 

Aec macrosporum Pt ck, ind Aec smilacis St hw eni On spec les t f 
Hmila r 


Pendermium 

Peridermium pmi (Willd)^ is found on pme-tiets m Luiopt 
l^ritain, and United States A teleutospore-stage ot this has not 
as yet been identihed, although a verj similar species (Pm 
dcrmium Co'tnui Kostr et Khb) also occurring on the bark of 
pines bas been proved to have as its teleiitospore form Cnmcnfium 
asclepiacleim ^ 

The mycelium of Pcndoinivm pim lives intercellulail} in 
the rind, bast, and wood of Finns syhestiis, P Lanew P 
halepensis, P mai itima and P montaiia It lives and extends 
through the stem foi years, attacking the living cells and 
absorbing nutriment fiom them b} little haiistoria 'Jhe cells 
of parench} matous tissues are those most generally attacked, 
and the mycelium has been found to penetrate along the 
medullary rajs to a depth of 10cm into the wood-mass 
The cells of attacked parts lose their normal content including 
starch, and secrete crude turpentine in such quantity as to 
completely permeate their walls, and even to form drops In 
this way portions of the wood become completely satuiated 

^ R Hartig, Wirhttge Kranlheiten d Weddbaumem 
^Klebahn, Benchte d denhth hotan Qesdlschaft, 1890 
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ivith resin, and as the same process goes on in bast and rind, 
the turpentine ..overflows from fissures or wounds in the bark. 
During the summer the mycelium grows amongst the dividing 
cambium-cells and 'kilh them. Where this occurs the year- 



Fia 245 —JPei ukrtutum pint (roi ticola) 
Branch and lateral twigs distinctly 
swollen where attaolced. They also boar 
aecidia. (v Tubeuf phot ) 


riulg ceases to Sicken, but as the mycelium seldom succeeds 
during the fitst year in killing the cambium all round a 
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branch, the living portions of the ring grow on with increased 
vigour, and even attempt to close o\er the injured portion. 
This irregular growth, continued in many cases for years, pro- 
duces abnormal cross-sections (Fig. 248). The mycelium 
grows out centrifngally from diseased spots, so that the. wounds 
continue to enlarge, and the disease becomes easily noticeable 
on account of the deep channels and distorted swellings on 
the pine branches and stems. As the disease spreads inwards 
into the stems, the conduction of water is interfered with and 
the branches above such wounds dry up and die off. Whereas 



Fki 247 ~Pa (dd imum ptni (mhcola) », «, Mycelial stroiaa developed iu the 
rind , the host cells have become isolated from each other and contain 
haustoria, h, of the fungus />, B isidia composed of much smaller cells than in 
the needle inhabiting aecidii y>, The pendium (Aftoi R Hartig ) 

young plants soon succunih to attack, the struggle with old 
trees may go on for years. Fresh infection of older stems 
occurs generally m the higher parts of the tree, where the 
bark is still thin. 

Pycnidia (spermogonia) are developed between tlie rind- 
parenchyma (periderm) and cork, generally towards the margin 
of diseased spots. The conidia emerge from the ruptured 
cork-layers of the bark as a honey-sweet liquid. H. Mayr 
states that this liquid is given off in such quantity from 
species of Peridermium in Japan, that it is collected and 
eaten by the natives. 
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The aecidia appear in June as wrinkled yellow sacs 
emerging from the bark of swellings. They continue to develop 
in succession for years on the living parts of attacked 
branches, but according to Hartig they cease to make their 
appearance on old stems, even when a mycelium is present. 
This disease is the cause of great damage to pines, especially 
where , planted as pure forest. One case is recorded ^ of a 
forest near Kohlfurt where 90 per cent, of the trees in an 
old plantation were “ stag-headed ” on account of a deficient 



Pio, 248.— PfHdemium Section through a diseased stem of Pine shewing the 

gradual killing of the cambium by the fungus (v. Tubeuf phot ) 

supply of water in the crown accompanying attacks of this 
fungus. Until more is known of its life-history, preventive 
measures cannot be well extended beyond cutting down 
infected trees. 

The following species of Peridermium have been observed 
on species of Pmus: 

A. On the needles: 

Peridermium oblongisporium Puck, (now Coleospoj'ium seneewnis) on 
Pmtis sylmstru and P. awitriaca (p. 374). 

P. Klebahni, P. Soraueri, P. Stahlii, P. Plowrightii, and P. Fischeri, 
On Pinus sylvestris ; related to various species of Coleosporiiim. 

P. piriforme Peck. On Pirnts speciosa in XJ.S. America. 

P. cerebrum Peck. On Pirnis rigida in North America. 


Marker at Schleaien. Foratverein, 1893. 
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P. filamentosum Peck. On Pimi« ponderom, also in America. 

P. Harknessii Moore. On Pinus ponderom, P. tnsignis, P. Sahineana, 
and P. contorta in California. 



Kio 249 —Peniemiwm (jnpamtewTO on rmw^ from Japan (v Tu>)euf 

phot —the specimen presented by Prof (irasmvnn of Tokio ) 

P. brevius Bard. On Pmus extelsa in India 

P, complanatum Bard. On Pinm longifolia in India; on rind as well 
as needles, 

B. On the nnd ur bdrk : 

PeriderraiumCornui Rostr. 
et Kiel), (now Cronartiuni 
asclepiade^im, p. 381) On 
Pinus sylvestris. 

P strobi Kleb. (now Cro- 
nartium ribi<ola, p. 382) On 
Pinus Htrohus,r.Lam,heriiann^ 

(and P. Cemhra) 

P.pini(Willd.). Ou Pinus 
sylvestris (Britain and U S. 

America.) 

P. orientale Cooke On 
Pinus rigida and P virgim- 
ana in America ; also P. 
longifolia in India. 



Fig 250 — Pe» tdermium fiieanteum on Pinu» dmaiflora 
from Japan (v Tubeuf phot ) 
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P« IUl<eiilUi ThUm. On Pinrn ausircdig in North America (probably 
,a variety of F. oUongitpo^um). 

P. 4ffomuin8 Mayr. On Pinus ndtu in America. 

P. giganteum (Mayr). On Pinw dpmjhm and P. Thunhergii in Japan. 
This causes very consjpicnptis deformation of Itsi host (Figs. 249 and 250). 

P. complanatum Barcl. On Pinm longifolkt in India. 

The following species frequent other hosts i 

Peridermium conortlm Thum.^ This aecidium first found by 
De Bary in Thuringia, has recently been reported in Denmark, 

Russia, and America ; also in 
Upper Bavaria by v. Tubeuf 
in September, 1895. It takes 
the form of two large aecidia, 
which make their appearance 
on the outer or inner side of 
the cone-scales of spruce. The 
white peridia break through 
the epidermal tissues which 
then remain as a brownish 
sheath around each ruptured 
peridiiim (Fig. 251). The 
spores are separated by inter- 
mediate cells, and their outer 
coats are studded with poly- 
gonal warts. The cone-scales 
bearing aecidia contain a very 
large quantity of starch. Tel- 
eutospores of the species are 
unknown. 

-A(cid(um conoium-pirmc jw, Pen- PpriHprmiiim enniarfl.n« 

dium; spore; sw, Intermediate cells, «/><(, renaenniUm COrUSCRUS 

T’ ■’ Fries.2 The mycelium of this 

fungus seems to perennate in 
twigs and buds of spruce. Twigs unfold from the bud as 
deformed, shortened, cone-like shoots bearing very, short broad 
needles of a pale colour. The aecidia are produced on the 
deformed needles as broad lineal cushions with white peridia. 
They originate under the epidermis which they rupture, and 
break out on one side of the needle. 

Rostpih/ormen, 1869. 

“Rostrup, Videnak. OeUk. ForhavdL, 1884, 
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The soft hypertrophied Shoots are eaten. They occur dhiefly 
in Scandinavia, but recently were observed by Gobi and Tranzschel 
in the neighbourhood of St. Petersburg.^ 



Fici. 2b2.—Aecidium coruscans on malformed shoots of Spruce The compact 
abnormal shoots thickly covered with white accidia contrast strongly with the 
normal portions, (v. Tubeuf phot, from maternU presented by Prof Fries, 
Upsala.) 

P. Hngelmanni Thiim. On cones of Picea Smithiana. (U. S. 
America.) 

P. piceae Bard. On needles of Picea Smithiana. 

P. Peckii Thum. On needles of Tmga canadensis (Q.S. America). 

P. balsameum Peck. On needles of Abies halsamea (U.S. America). 

P. ^hedrae Cooke. On Ephedra in U.S. America. 

P. cedri Bard. On needles of Gedrm Deodara in India. 

P. Corn. On leaves of Dammara ovata in New Caledonia. 

^Alsa reported at Haslemere (Britain), Orevillea, xix., 1890. 
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Caeoma. 

Oaeoma abietis-pectinatae Beess ^ The aecidiospores may 
be found on the lower surface of young 
needles of silver fir , the aecidia are yellow 
elongated cushions situated on either side 
of the needle mid-rib, and are without 
peridia. Pycnidia (spermogonia) aie pro- 
duced before the aecidia The mycelium is 
septate and intercellular with few haustoria 
I ha\e found the fungus fairly abundant 

Fig 258 — ahict 8 j i a i i i n 

pectinatae Needle of Silver On the Alps and in the Danube valley near 

Fir showing Caeoma patches -p. mix i 

on the lower surface (v Passau Iclcutospores are unknown 
Tubeuf del) Caeoma deformans (Berk et Br ) Tubeuf 

{Uromyces deformans Berk, et Br^ or Caeoma Asanuro Shirai)® 
This induces the formation of ‘‘ witches’ brooms ” or of antler-like 



Fio 254 — Caeoma dijormanx on Thuwpsis dolahrata (v Tubeuf phot from dried 
material presented by Prof Grasmann of Tokio ) 

iReess, Rostpxhformen, 1869 

2 Berkeley, “The fungi collected during the expedition of H M S ‘Chal- 
lenger ’ ” Jour of Linnean Soc , rvi , 1876 
^Shirai, Botanical Magazine, Tokio, 1889 
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leafless shoots on Thujopsis dolahrata in Japan, whence they were 
sent to me (Figs 254 and 255) One example (not figured) was 
AS large as a young child’s head. 

The shoots of the witches’ brooms are furnished with vascular 
bundles and possess a parenchyma rich in starch-content 
Each branch of the deformed shoot termi- 
nates in a hemispherical saucer-shaped 
caeoma-cnshion, at first covered over by 
the epidermis, but with no peridium The 
< aeoma-diSGS are at first brown, but after 
the epidermis bursts and lolls back, the 
yellow dusty spores appear The spoies i-i'i 2 % -coeo m d<^or 

mans Portion of the pro 

arise seiially from very short basidia , they coding figure enlarged to 

show the Caeoma dlwcs on the 

are yellow and have striped membranes ends of twiga (v lubeuf 
The witches’ brooms also exhibit marked 
hypertrophy (Fig 254) In tlie suppoitmg bianch both wood 
and bark are consideiably inci eased Large medullary rays occur 

in the wood, and nests of thin- walled parenchyma are interpolated 
between the regular tiacts of tracheae, so that the general 
arrangement resembles that shown in pinipei by Wornle’s 
researches on Gymnosporangiuin The parenchj matous gioups 
of cells in the wood appear to the naked eje as brown spots 
They are permeated by a vigoious intercellular mycelium, which 
sends off large haustoria into the adjacent cells 

Caeoma laricis (Westeiid)^ On needles of Lmin (Britain) 

C orchidis A et S On on bids (Biitain) 

C chelidomi Magn On Chehdonnmi majvs (U S America) 

C fumanae Lk On Corydalit 

C euonymi (Omel ) On Enompnus (U}opaui<t (Biitain) 

C confluens (Pers ) On Rihef alpnniiii, li nihum, etc 
C nitens {€ Inminatinn) \s \\\^ well known Blackberry-rust so common 
in the United States It is probably a foim of Fuccmia Pecliaiia^ 

C aeg^opodii (Eebent ) On Aegopodmm Podagra/ la and Chaerophylhm 
at omaticum 

C hgustn (Eabh ) On Liqmtrwm. mlqai e 
C an-italici (Duby) On Arum macxdxtum 
C alliorum Link On Allium uisinum, A oleraceiim, etc-* 

C saxifragae Strauss On Saxifraqa giamdata^ 

C mercurialis fMai t) On Mercunalis perenms ^ 

^ This and most of the other species aie only stages of some Melampwra 
"Clinton, Botanical Gazette^ 1895, p 116 
Tl^e three species are given as British in Plowright s ^Uredineae ’ (Edit ) 
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^ Uredo-Forms of uncertain relationship. 

Uredo agtii^oniae (D. C.). On species of Agrimonia (Britain and U.S. 
America). Dietel regards it as related to Melampsora (Thecospora) agn- 
monim. 

U. Muelleri Schroet. On Ruhm fruticosus (Britain). 

U. symphyti D. C. On Symphytvin offidimle (Britain). 

U. phillyreae Cooke. On Phillyrea media (Britain). 

U. macrosora De Toni. On Epilohium tetragonvm (U.S. America). 

U. vitis ThUin. This species first attracted notice as a ilisease- 
jnoducing fungus in Jamaica in 1879, but it had been found Jl^eviousl^ 
in the United States. It causes spots on the upper surface of leaves.* 

U. fici Cact. On Ficus (Jarica in Ital) and U.S America. 

U. quercus (Brond.). On species of Querais (Britain and I*^.S. Anjerica). 

U. iridis. On many species of Iris (Britain). 

U. glumarum Rob. On Zea Mais in Belgium and England. 

U. sorghi Fuck. On >%rghum halepense in Greece ; (compare with 
Uromycea and Pucchna on the same host.) 

U. gossypii Lager.“ This has been observed in South America causing 
a rust on cotton-plants and injuring the yield of cotton. It appeals as 
8ina.ll purple-brown spots ; the spores are oval and yellow. 

Uredinopsis.*^ 

[This is a new genus found by Magnus to contain several 
Uredineae parasitic on Ferns.^ Tlie aecidial stage is unknown. 
The uredospores are abjointod singly from the ends of sporo- 
genous hyphae ; they are unicellular and without germ-pores. 
The uredospore-sori are enclosed in a pseudoperidiurn of elon- 
gated tubular cells. Unicellular teleutospores (?) are given 
off‘ from sori similarly to the uredospores. Uluricellular teleuto- 
spores are developed from the mycelium in the intercellular spaces 
of the host-plant, never from crust-like sori. On germination 
four-celled promycelia with spherical sporidia are produced. 

Uredinopsis filicina (Niessl.) Magn. On lower surface of fronds of 
Phegopteris {Polypodium) vulgaris^ causing death. 

Ur. struthiopteridis Stoermer. On sterile fronds of Struthiopteris 
germanica. 

Ur. pteridis Diet, et Holw. On Pteria aquilina.'] (Edit.) 

* Massee {Grevil'ea xxi., p. 119) states this species to be identical with (I. 
Vialae of Lagerheim {Eevue gen. de Botanique, 1890). 

-Lagerheim, Journal of My(ology, vii. p. 48. 

“Dietel, Uredo polypodii (Pers.)” Oesterreich. botan. Zeitschrift, 1894; also 
“ Der Gattung Uredinopsis,” Ber. d. deutsch. botan. Gea., 1895, p. 326. 

^ These host-plants do not come strictly within the scope of this work, but 
a short note on the genus is necessary. (Edit.) 



BASIDIOMYCETEM. 


421 


BASIDIOMYCETES. 

The sporophores, known as basidia, are structures with a 
definite shape, and with lateral branches, the sterigmata, from 
which a definite number of exospores — basidiospores — -are ab- 
jointed, the basidia then becoming fimctionless. Basidia and 
basidiospores are characteristic of all Basidiomyeetes, conidia 
and chlamydospores being produced only exceptionally. 

The basidia generally arise from an extended layer — the 
hyinenium — which in the higher genera forms part of a con- 
spicuous complex sporoidiore. The basidia do not therefore 
originate from the germination of a spore, as do the promycelia 
of the Uredineae and Ustilagineae, but from special sporo])hores 
(rarely from the mycelium itself), whose surface they occupy, 
or in which they are enclosed. 

In the course of development, two nuclei have been found 
to copulate in the basidial cells. Thereafter they divide and 
produce four (rarely two) new nuclei (Autobasidiomycetes), or 
after the division of nuclei, cross-septa are formed, thus making 
the basidia pluricellular (Brotobasidiomycetes). In l)oth cases 
the nucleus passes through the sterigmata into the developing 
basidiospores, and on the germination of these spores, it divides 
into two nuclei, the starting points for further nuclear division. 

As just indicated two divisions of the group may be dis- 
tinguished: (1) rrotobasidiomycetes, (2) Autobasidiomycetes. 

Protobasidiomycetes. 

Under this class are included the Auric idaricae, Pilacvea<, and 
Tremellinae, the first two possessing basidia divided, as a rule, 
by cross-septa into four cells, the last with basidia also divided 
into four cells, which are formed, however, by two longitudinal 
walls set at right angles to each other. A sterigma grows out 
from each cell and produces a single spore, after which the 
basidium dies away. The basidia of the Fihicrcae are produced 
inside closed sporocarps (angiocarpous), those of the other two 
groups are exposed (gymnocarpous). Parasites are unknown 
amongst the Protobasidiomycetes. 

A UTOBASIDIOMYCETES. 

Basidia unicellular (autobasidia), the sterigmata formed on 
the apex of the basidium, and each giving off a single basidio- 
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spore. The basidia originate from basidial layers or from complex 
hymenia, produced either inside some special structure, or on 
the surface of special sporophores, or on some definite part 
of these. 

The ’group may be sub-divided into the Dacryomycetes, Hymeno- 
mycetes, and Gdsteromycetes (including Phalloideae), Of these only 
the Hymenomycetes contain species parasitic on plants, the others 
include harmless saprophytes, which live in the soil, some of 
them, however, taking part in the formation of mycorhiza. 


THE HYMENOMYC^ETES. 

The unicellular basidia give oft' from their apices four (any 
number from 2 to 6 may occur) sterigmata, from each of 
which a single basidiospore is abjointed. The basidia arise 
from free exposed hymenia, which generally occupy the whole 
or part of large compound sporophores. The greatest develop- 
ment of the sporophore is attained in the umbrellas of tlie 
Ayaruinme, and the large discs of the Polyporeae. It is only 
amongst the lowest genera, like Exobasidium, that the basidial 
layers are produced directly on the organs of the host, and the 
basidia arise directly from the hyphae. 

Reproductive cells, other than basidiospores, are rare. In a 
few cases amongst the Pohjporeac, Brefeld and others have 
observed conidia and chlamydospores (Oidia, etc.) ; while some 
few Agarwineae have the latter form of spore, but never conidia. 

The mycelium is of a very varied nature. It frequently 
inhabits wood, and in many different ways brings about 
destruction of lignified tissues. Other modifications are seen 
in the forms of mycelium known as rhizomorphs, rhizoctonia, 
mycorhiza, and other closely felted masses of various shapes, 
which will be considered in detail as occasion requires. The 
formation of clamp-connections is also a special feature of the 
mycelium of the Hymenomycetes. In many cases the mycelium 
retains its vitality and perennates for several years. 

The genus Exobasidmm consists of parasites which produce 
malformation of their host ; many of the Polyporeae and 
Agaricirieae are deadly enemies of forest and fruit-garden, 
while as wound-parasites many of them are specially dangerous. 
The general means of combating them consist in cutting out 
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any sporophores and applying tar to the wound, while diseased 
stems in the forest should be felled. Immediate artificial 
closure of wounds in the wood is a very effective preventive 
measure.^ 

The Hymenoinycetes are divided into 'Tomcntclleae,' Uxobasi- 
diaceae, Hypochnaceae (included hy Brefeld in the Tomcntdkac), 
Thdephoreae, Clctiiaricax, Hydnmc, Polyporcae, and Agaricmeae. 
All contain parasitic species. 


EXOBASIDIACEAE. 

Exobasidium. 

The basidia are formed on the extremities of branches of 
the mycelium, which break out through the cuticle of attacked 
organs. The mycelium lives inside the host-plant, and induces 
considerable malformation. The basidia emerge on the surface 
of the host (similarly to the asci of the Ewasci), and from 
each of the four sterigmata a single spore is given off. 

Exobasidium vaccinii Wor.^ (Britain and U.S. America). 
This is the cause of a very common and conspicuous deformation 
which affects the leaves, flowers, and shoots of Varrinium Vihn- 
Idaea (Fig. 256). Leaves, where affected, become thickened 
and form irregular blisters vaulted towards the lower surface 
of the leaf, so that the lower epidermis covers the convex 
side and the upper epidermis lines the concavity. Chlorophyll 
is absent in the swollen tissues, but where blisters are exposed 
to direct light a bright red cell-sap is developed. Parts of 
the leaf adjoining diseased spots may remain normal and 
green. Flowers or their parts undergo similar malformation ; 
twigs become more or less thickened and twisted, their chloro- 
phyll disappears, and a reddish cell-sap is produced. On such 
diseased places spores are produced during the summer, after 
which the poorly developed tissues dry up and wither. 

When this fungus is juesent in the young tissues of its 
hosts, it exerts a very marked influence on their development. 
The palisade cells of the leaf become enlarged, while their 
chlorophyll almost wholly disappears, and is replaced by a red 

^Further details on this point have already been given, General part, p. 72. 

’^Woronin, Verhand. d. nattirfor. Ges., Freiburg, 1867 ; with 3 ^tes, 
Brefeld, Schimmelpilze, viii., 1889. Wakker, PringshdrdH Jahrbuch, 1892. 
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cell-sap. Cells of the parenchyma in flower and stem enlarge to a 
still peater degree. Intercellular spaces are as a rule obliterated, 
but v^hen present are filled with a fine mycelium. Wakker gives 
us further results of the fungoid attack ; crystal-glands, normally 
numerous, are no longer formed, but are replaced to some extent 
by indistinctly <lefined crystals of calcium oxalate. Transitory 
starch is stored up in large (juantity. The fihrt)- vascular bundles 



Pm. vacfinn inducing: outgrowtljR on loaves of rficrtniinii 

ytht-Nata. (V. Tulwuf phot ) 


present a striking modification, the primary xylem alone is 
normal, the vessels ol‘ tlie secondary wood remaining rudimentary ; 
other parts are not lignified, and the phloem is only indistinctly 
laid down. 

A mycelium is present in all deformed parts, but absent in 
nonnal green tissue. It Itecoraes massed to form a hymenial 
layer beneath the epidermal cells or between their outer walls and 
the cuticle. The stcrigmata do not exceed four in number, and 
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from t3ach a spindle-shaped sjHire is ahjointed (Fig. 257). The 
hasidiospores divide in water by formation of cixjss-septa, and 
a gerin-tulKj arises from each temiinal cell. On a young leaf 
of Vnccininm the gerin-tul>t‘ 
penetrates and gives ri.se l<> 
a myceliutn (Fig. 258); mi 
other substrata the germ-tulH‘ 
sjirouts into several very tine 
st(?rigniata. from the extremi- 
ties of which a series i»f eonidia 
are ahjointed : tlie emiidia 
may give olV secoinlarv (••»ni- 
<lia, jierhaps also tertiary. In 
nutritive .solution, Itrefeld ol>- 
tained an increa.sed number of 
germ-tubes {ind a continuous 
production of t‘()nidia ; in air, 
eonidia wen? ]»rodueed on eonidia. but inside the solution th(‘ 



eonidia gave off hy})ha»‘ from whicdi new eonidiii nros(\ 





Fio. 2j8. h-roixutdium Ucniiiu»tl»K UuldWjK.rc*. Th«: ioptuU! 

have (riron off jfcnn tul»e« whii^h |« wetrate liiU> the cowlwrry uUher by 

titoruAU or through th« epidcriui*. The hiwwit np</re U forming coniaiji. (AfUM 
Woronln.) 


This Exolasidium is very common on the cowberry ( Vacnniiim 
Vitis-Idaca)} It (xxurs less freftueiitly on the bilberry (Var.- 

’ Several American Ericaceae are given oh hcut-plantu in tl»e I loni I tuitx.'^ 
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cinium Myrtillusy causing a premature fall of the leaf and 
suppression of the flower. The external symptoms of the disease^ 
differ somewhat from those on cowberry. Diseased leaves are 
much larger than the normal, but are neither thickened nor 
blistered ; on the under side they have a whitish or reddish 
coating, and fall off‘ easily. I have never observed the disease 
on the stems of bilberry. In spite of these external differences, 
it is believed that the host-plants are in both cases attacked by 
the same sjiecies of Exohaddivm, but I do not know of any 
observations on the recijjrocal infection of the two hosts. 



Flo. rkododtndri ou Rhododmdran fo-rnpiHfitiii. (v. Tubeiif pbot . ) 

A disease due to an EduhduUliKin is Ity no means uncommon 
ou Varxinium idujhumim (bog whortleberry).^ Shoots of diseased 
plants are deformed, wink* their leaves become more or less 
thickened and assume a beautiful rosy colour. 

On VticdniKin (hycoccos (true cranberry) the shoots and 
leaflets also become thickened and ro.se-coloured. Iio.strup dis- 
tinguishes this as a sepamte species {Edvhasidiinn oxi/roccl). 

Ex. andromedae Peck, jiroduces on Andromeda juilifolia 
symptoms similar to those just described ft)r the preceding 
species. (Britain and U.S. America.) 

• S&debeck {Botmt. CenttrUblaU, 1886)reoonls it in large quantity near Harlmrg. 
Thin U the host-apecies given by Moanee {BrituJt Funtjm- Flom, 1892). 

■“Tubeuf, “ Mittheilungen.'’ ZeitncK, /. P^emzemlmtii'kciten, 1893. 
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Ex. rhododendn Cram, (BritHin aiul T.S, America). Thin 
causes gall-like outgrowths on the leaves of the Alpine-rose 
{Bhododenfi t'on ferruffuuitvi and Rh. hir.<vtifm). The swellings 
may be small and fairly hard, or, attaining the size of cherries 
or plums, they may he soft and spungy so iliat the)' shrivel 
up 8iK>n after the twig is cut; in culour they an' yellowish- 
white, hut on tlie side ex}H>stMl to sunlight heeoiue HKse-red ; 
the Kroftatii^inm-^^wWs may even he formed on the small rolled- 
up leaves caused h\ attacks of mites. 

Ex. Peckll Hals.* [ This «»cciirs in the flowers of 

Andromrthf Maritnia in the I'nited State.s. It i.s eonftne<l 
almost entirely t<i the intlore.M'enc«‘H, and eau.ses cinisidenihle 
distortion. The hell-sfiaped eorollas are O'placed l»y ones ([iiite 
jKjlypetaloiis, and the uvar\ l»ecumes nii.sed ahuve the re- 
ceptacle.] (Kdit.) 

The following five spucies ha\e heun reeunh’d on Krieaceat' 
in America : 

Ex. RZRleae <Mi muitffo'HiH 

Ex. discoideum Kllis. On niKimtnti. 

Ex. decolorans Ihirk, On nnd ft . 

Ex. arctostaphyli MhiIv. On Airtnifftifthitln* 

Ex. cassandrae IVck. On ('>iin<in<lrit oitiit ohttu. 

Other specicH to Ik- uH-ntidin-d uh- 

Exobasidium ledi KatMt. On i.fdnnt 

Ex, Warmingii Knsti. .Viin-iK-ii) TIiik (K-eurn cai S^i.ritnujit 
iS'. biyoifien, S. nitp*^rfty ete ; it ranst-'* marked 1»\ jHM truphv i>f the leaves, am! in 
this way, as well as h_\ its tnaiu siiiallei K|Mires, is distiiiguislied fr«»ui ; 

Ex. Schinzianum Maun. On the leases «»f iSV/.r/’/lrr/f/ff cansing 

wliitisli .sjK>t.s which H<><>n hecnme hruwn and die. 

Ex. symploci Kllis, ()n St/tn/ttor nn timtunti in North Ann-nea. 

Ex. graminicolum Kres < hi leaves of \anons j^rasses, f.ff. llrmni/M, 
Arrhenat/iennit, et<-. 

Ex. lauri (ievl.* is said to jinKlme hraiu-hed ontorowihs of over three 
feet in lenoth on hnirux ntihitm and L. nuotrinnnM in the < 'ana in Islamls. 


('^rolumdiniti nmlratum (ifign. m-curs on the “witches' hrooui,'’ out- 
growths caused h\ Titphniui cor»v-('frii (ihgn. on A*pt<linm nrittatuw 
ill India. 


‘Halsted, Bttlhtin of thf Torre y Ctuh, XX., IWW, p. 437. 
=‘(ieyler, Botan. Ztitmoj, IK74, p. 32*2, J*!. VII. 
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HYPNOCHACEAE. 

Hypnochiui. 

The mjcelium forms a ccibweb-like covering on living or dead 
parts of* plants The sporophores take the form of superhcial 
(’oatings composed of club-shdjml l)a8idia developed on a felted 
hyrnenial layer of fungal tissue Each basidiuni gives ofi two 
to SIX colourless smooth -coited b[K»res from hue stengmata 
Some species are parasitic and cause disease 

HypnochttS cucumeris Frk» In 1882 Frank found at Berlin 
on the surface of withering and dving ciicumlKi-planth, grevisli 
coatings of the hyrnenial la} era of this fungus Tin} ou lined 
jnineijially near the base of the stem and caused it^' jiiitial 
ilestruction The syniptoms (onsisted in leaves heioming rapidl} 
\elIovv from tip to base, and d}iug oil the plant, the lower 
first Only cueumbers were attacked, and no furtlui stages 
could lie observed on the killed plants 

Hyp. BOlani Pull (t Del^ Fim gu*\ trusts, (onsisting ot 
the hyrnenial lavers of this fungus, were found h} these invest i 
gators on potato-plants tlieie was liowevei no in)urious illeit 
on the croj)-}itdd 


Aureobasidium. 

Aureobasidium vitis Vmli et Hovei * The cause of a vine 
diseHs«‘ which has done consideiahle d image in southtni Imiko 
on seveial occasions since 1882 Tlu grapes vv lien atlac ked show 
spots, then shrivel up, their inteiioi hecoiuing comjdetelv pei- 
meaU‘d by a colourless septate and brant bed mvt-elium On 
rupture of the epidermis, a him vellovv tissue emerges ami 
thereon a h} menial layei is develtiped The hisidia aie thitk 
and cluh-shaj>ed, with a vai}ing number of short sterigmata 
these give off e}lindrieal unitellular hght-vellow spoies slightly 
curved in shape and with rounded ends Leaves are also attacked 
and fall off aftei gradually assuming a det‘p red colour If 
this occurs in Ajiril, or earh in May, the fruit never attains 
any size 

’ Frunk, Hfdtwjta, 18HS, and Brncktr d dcitt^trh Itotau Gt$ ^ 188^1 
“Prillieux and Delacroix, BuUeitn dt la Soc mycol dr Fmnct, 1891 
‘Viala and Boyer, t^otnpt rttui 1891, p 1148, and xix , 1894, p 248, Aunal 
dt VBtiJt fia/ d'affric dr Montprllier, vn , 1891 
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THELEPHOREAE 

Thelephora. 

The sporophores ot tins genus as^suine \i‘i) varied iiein 

simple incrustations to nuislir««>in-like structures They conmHt 
ol two layers onlv tin* niuldle one heing al»M*nt Tin* husidia 
are club-shaped and ]»iodiue tour nmiulish or oval hyaline oi 
light-colouied sjM)res 

Thelephora laciniata l*ers is not a tiue parasite, vet it is a 
dangeious enou<;h (minv to trei*s In damp situations, it is 
eoininon and thrives ..iovvm_ (>v*r \onng trees and ho enveloping 
thein with its sporophoits tint sniiiKation ensues (Hntain and 
rs Aiiuiica ) 

Th pedicellata Vliv lia^ i«|H>ttMl toan Vim*rii‘a ’ hh a (ifoij^i tutis 
parasiti (Hi uppU, V'" " "/» / and i )«ilin 

Th perdix Haifi^ » paiisio on ivik v\(>.hI (>h Sft'ninii t) ) 

Hehcobasidium Mompa It Ink tins is iiijuiit>iiH to tin luiillHttt to* 
inai IoKno, Japui It tu-st atti ks tin i«Mits and in < onMc(|in in t tin 
,ut»%\tli id slnstts iH ,in*st(d tin N >11114 Itiivts till oil, and i4iuduall\ lUalli 
of the till follows lilt niMilnini ptnin»tt>i tin tisHinn t>f tin littsl anti 
foinis ,ui t\t<rnal \il\tt> (t»,itiiio of Itasidu 


Stereum 

'spill ojiliou s gnu I dlv tlilh 11 iitnilid into tiiin lavns and 
lorniino leitliii} oi vvoimIv < m nisi iliniis or il.ittimd In'iiii 
splieiical sinu lulls altailinl Itv <»nt nlg< oidv 

Stereum hirsutum (W ) 1 1 ^^hltl jiijm! m 3illuw-pi)»ed oak 

(jililtiin <ind I Aiiiiiiia A v« i v ( tmimoii lungus, ot ( uiimo is 
I sa])io})li\ te oil ikad hnmlus lui hoaids ami jwists ol minis 
kinds ot timhei is vvi II is parasitn on living wood partii ulurlv 
on oak 

The spoio])liores lirst apptai as trusts, lutei the} bet ome 
tup-shapeti exteriiallv the} an hrtiwn and r<»ughl} hair} with 
acute yt*llowish margins The smooth h}menml layer is oiunge- 
red anti nuiiked liv /ones Between the sterile leather} H|»oro- 
phore and the h} menial Id}ei there lies a firm white 
intermediate tissue 

'(lullima}, Joiirria/ of 'i, p IHt 

^Nobujiro Ichikawa, A new hyiiienonijctUiUH fungiw, ’ Jour, of ColUtfr of 
Sctenit Iiiijierial Unoemty, 1H90 
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B. Hartig^ haa investigated in detail the phenomena accom- 
panying the wood-destruction in the oak. This begins in the 
branches and extends in white or yellow concentric zones 
throughout the stem, so producing that appearance which has 
given rise to the name “ fly-wood,” Portions of the wood appear 
only white-striped, other parts have a more regular yellowish- 
white colour. In the white strips the wood has been transformed 
into cellulose and the middle lamellae of the walls dissolved out ; 
tliat of the yellow parts has not undergone this transformation 
into cellulose, but the destruction has l>egun from the cell-cavity. 



Fm SI) I mm tnunufotum. Dontruction of Oak-wood. lauitfitudiiial 

Noi'tloii ahowiu^ Iho brown w«iod with iaolatod hollow R{xjtR contniniug white 
iiivooliiuii Tulniiif jihot ) 

Stereum frustulosum Fries. (Thelephora perdix Tlartig).- 
(Britain und T.S. America.) The .sporopliores form greyisli- 
brown plaU*-like crusts with concentric markings ; they are small, 
never o.vceeding tlie size of a finger-nail, but generally occur 
in numbers together. The hy menial layer is composed of club- 
shaped basidin bcsel with hair-like outgrowths ; some of the 
basidia produce four spores, others are sterile and grow on to 
form the liymenial layer for the following year. 

' R. Hartig, Zcrtdznui/'it’rnckitfiuuf/en d. Holzes, 187H, Plate XV’’IIL 
® R. Hartig, Ztr»ftzumfs<T^htinunifeu, Plate Xlll. 
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The very characteristic destruction of oak-wwHi caused by 
this fungus was investigated b\ i; Hartig The diseaseil wood 
has a uniform dark-broun colour, broken at intervals by white 
rounded spots oi hollow cavities 
hence it receives the naiiu ot 
“partridge-wood’ In the white spots 
the wood has l»v the action ol the 
iii}celmm become tnnsfoinud into 
cellulose, the middle lamtdlat ind 
‘Starch -grams being dissohid out In 
the neighbourhood ol old uituiout 
cavities the prociss of dccom[)oMtion 
IS slight!} changed so that th« cell 
walls disajipear witliout pnvious trins 
foimalion into eelliilose 

CLAVARIEAE 

Typhula 

Sporoplioies lilumenUms, and as 
A rule dtv eloped from scUiutia 
Tiasuha with lour io1oui1(‘sh smouih 
mated spores 

Typhula grammum K irst ‘ 1 his 

a]»peartd on whc*at jdants in swtdui, 
killing them and forming villow 
s(leiotia (Sdiiofmni fiihinn li) 

HYDNEAE 

Hydnum 

Sjxirophores vdv viriildt m lorm and stnidurt I lu 

hvmeiiial lavers iic sjm id ovir ledliliki piojedions Hh 

icibidia liear four vvhit< s)M>r(s 

Hydnum diversidens (lintuin) 'lie spomphetns foim 

V ellowish-vv hue ciusts or biackds with spinv outgiowths on 
the lower side I hi h}mniial lijer lonsisis at first of bisidm 
Old}, later however h}phat grow u}> tfirniigli it itid build 

^ Eriksson InmJtfr iLatl Iftintl r fuinki 
Hartig, unqMiitrhf- mu ifcn 
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over it a new hymenium^ this is continued for some time so 
tliat the sporophore consists of successive layers, and the spiny 
outgrow4;hs beqpme much thickent^. Infection, as was experi- 
mentally shown by Hartig, takes place on wounds. 

The ^wood-destruction, consisting of a white-rot, was studied 
by Hartig, obiefty on the oak and beech. It begins by the 



In JflJ —PaivjMfut tgnmnu* UtoMiiiK dutth of a White Aider planUtioii at 
IVtiaii Wtaiiroi Thai, T\rol The ateina boai «i>orut>hore8, aud die from aiK»vt 
downwardi. (\ Tulwiif {ibot) 


appearance of yellowish longitudinal bands (not white as with 
Stmum Jursufum), and extends gradual!} till the wood becomes 
uniformly yellow. The mycelium causes the inner layers of 
the cell-w’alls to swell gelatiiiously without pi-eMOUs transfor- 
mauon into cellulose, and finally to dissolve out leaving the 
middle lamellae longest intact 
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Hydntiin flchiedemaywi Heufl. (I’.s. Awcriro). Sporo- 
phores fleshy, with a sulphur-yellow colour both outside and 
inside, and with a smell of anise They iwiir on liviiiK 
apple-trees, less frequently on other spi'cies of /Vnis. Accord- 
mg to Schroeter, Thumen and 
Ludwig, the luyceluun .spreads 
through tdie stems and kills 
the trees 

Thunieu^ thus desciihes t lie 
diseased \vo(>d of the apple "It 
has a greenish-yellow colour, 
which passes over gradually 
to the normal colour of the 
wood It heiomes soft and 
liiahle, smelling, like the 
spoio}>lioie faintly of anise” 

Sistotrema fusco-violaceum 

Scluad (lUitaiii) '( liis <u 
to Skiljfikow' IS jMuasitu on Inuu' 
pines, tnttnng hv \^oun(ls an<l 
(hstiiKtion 

tiie wood 

POLYPOREAE 

Polyporus. 

^poiopliorts l.irgi .ind 
iisu,dl> slniptd more oi less 
like a hoof or small hiaikit 
The sporogeiious la}ir is com- 
jwsed of cylindric,il tills s, '' 

which general!) ocdtpy the 
lower surface of the sjKirophort 

The substance l>etw(‘eii the tubes is diflerent from that of the 
rest of the sporophore 

Pol3rporas (Femes) igniarius (L ) * (Britain and T .s. Amcrua) 
Sporopbores on luing steins of oak, alder, apple, willow, and other 

* Thumen, “ Em Apfelbaum Schadling Z*'tiitch f Pjlaii-:*‘niKiHlh*‘tttn, 18111 
^Sklljakow, Senpta ffOlan fwttt unit rritifaltH Ptiro/M>/ifannf, 1890 
®R Hartig, Zenetzunf/ftriHchetnuwji'Hj PI XV, ami WI 
• 2fc 
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dedduoiu trees.^ They are brown or grey in. c<^ur, tiiber>like or 
hoof'ahaped, and continue to grow for several years ; the upper 



ly. Tubeuf {Fornti -tuUwrwtJM. ZtxUchnJi, 1H93) describe* a plantation of Alw'i 
inmna in T^l, ^hich was l»wig killed out bj this fungus (Fig 202) It is 
a common Bntisli species. (Edit ) 
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side is conceQtricftlly marked, and has a stone-hard coating whioli 
is generally more or less cracked ; several zones and layers ot 
tubes will be found when the sporophore is cut in section. 

This fungus produces a white-rot in the woo<l. and is one of the 
most common and dangerous of wound-parasites. The wckkI 
attacked by the mycelium is at first dark in colour, then 
yellowish-white and soft. According to Hartig, a delicate 
mycelium fills up the elements and eats away the inner layers 
of the walls; then the middle lamellae an' transfonncHl into 
cellulose and absorbed by it (Fig. 264'). 

Polyporus foment&nus (L) (Fouuh /omnduriitH (L) Fr.)^ 

(Britain and T.S. America). “ Tinder-fungus." Sporoplmres 
broad and shaped like reverserl braekets or h(H>fs. Their upjK*r 
side, at first brownish and velvi*ty, becomes afterwards Hmo(»th. 
grey, and marked with brojul concentric zonc.s. The margin 
is rounded and uniformly grey. Th(‘ ]M>re-lnyer is snuKah and 
greyish-brown. A longitinlinal section shows a homogenous 
tinder-like mass, covered on its lower siiiface by layers or 
zones of pores. 

The tinder-fungus is parasitic on Im-ccIi, elm. and mounUun 
maple. It i.s particularly common in l*(*<*ch-foreMt8, and was 
even more .so at one time when llic infected trees warv allowed 
to remain standing. The spctroplmrcs may l)e found on living 
stems, on remnants of trees broken by wind, and (»n felled 
trees. For some distance ai>uvc and below the seat of the 
sporophore runs a furrow on tin* .stem, marking n tract where 
the mycelium lias penetrated t(» the cambium and killeil it, so 
that growth in thickne.ss cea.ses (Fig. ‘JtJb, ft). 

The mycelium causes in the wochI a white-rot of a light 
yellow’ colour. Where the wood is .still firm, though disoa.sed, 
it w’ill be found to he divided into euhical jK»rtions by whip' 
tracts of inyceliurn which run both radially an<l vertically. A 
very characteristic feature of the de.struction cousislh of broad 
white leathery bands of mycelium, formed in a radial direction 
through the wood ; the.se are best seen on sUmis shattered by 
storm, or on wrought tiinher.- 

^Rostrup, Tidmhnft Skorhurg, im TuUuf, “ Athg. 

ForiU: u. Jagd-Ztihuig, 18H7. A comiiKni Itritisli wjiecie^. 

^ Krull O’m./. vattdawl Kuff„ iS9.t)<li»Uugui»heH a KfUtinou* mycelium 

and a cushion-mycelium. 



436 


BASIDIOmrOBTES. 


Tinder, prepared from the soft central part of the thick 
sporophores, was at one time used, with the help of steel and 
flint, for procuring flame. It is veiy effective in stopping 



Fio S65 -Soeno iu the BsTuriau forest near BiacboSsreut In the foreground, » llrlng 
Beech with seven aporo|diores of Potjfporut fomtntanuM (v Tubeuf phot) 


haemorrhage from cut blood-vessels, and is still used m surgery. 
The larger pieces can be manufactured into caps, gloves, vests, 
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and hose. The privilege of collecting the tinder-fungi was 
rented out and regarded as a souii'e of forest-revenue, while the 
tinder-industry was formerly an iiup^^rtant one in many districts, 
where sporophores were more frequent and larger than now. 

Measures against this fungus have already Uh'U considertnl 
ill our General Part (.^ 12). 



Fiir ‘im —Pohnxtrn* miurittaw'* on 
tttove and »h)1"w the Inwrtlon «.f the Kporoplmre 
tearing of the wiK>d in foiling I v 1 nbcuf phut ) 


«, A furrow uji tending 
An Injury i»ro<liU’«i<i h.v 


Polyponu snlphureuB (Hull.)' (Hrit.un and V.S. Aim-oca). 
The aporopborea are Hal and aoft, the upper aide lainK hnghl 
orange-red and the lower aulphur-yellow. They laat only for 
one year, hence are small; they fre-iuently .arur m maaaea, 
one above another in tiem Afler death they lose colour, 
become brittle, and are easily detaelied. According to lie 


* R. Hartig, ZernelzutujKritkeiiiUHtjtn. A ver> wanmoii Bjacie, in I rit* 
(Kdit) 
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Pia. 267.—Polyporu* tvUphuretu on a Willow (Salix alba) at Hlrscbau, near 
Munich, (t. Tubeuf phot) 
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Willow, poplar, oak, sweet chest- 
nut, alder, ash, hazel, pear, cherry, 
robinia, larch, silver fir, etc, are 
common hosts of this parasite/ 

Wood infested by the m>celiuni _ 
darkens in colour, exhibitinj; a red- ' 

1 ot. Vessels and all clefts or spaces r5^\ 

become hlled with white telted 

masses of mycelium The wood m 

course of destruction, becomes inhei 

in carbo-hydiates, and the walls of prUfiMS 

the wood-fibres slirink so that h^- 

sines With an upward light to left 

direction aie formed, but do not leai li , ... , 

,1 1 11 1 ,, ' ^ ^ //oiii» tulpkuttut 

tlie middle lanielLie Fmallv llio Ujnunui r with uiNidht and 

, , , iii.iiij un (Afttr U llurllg) 

wood becomes dr^, brittle, and powdei} 

Polyporus borealis (Walilml.) Fi - (F*ritain and US. 
America) Sporophores annual white and tlesli> , the upper 




JhS /*)/ pm it» tiilphuteut 
111 hn r with btiNldht and 
(Afttr U Ihirtlg ) 



Fir 2(i • — lo/ //JO it* ji Ijit an The whit< tnytfcliuni forinn toncentrit /.ttncN 
and r idi il Uucn on the crosu Bectioii of Oak (After H Hartlg ) 

surface is shaggy w'hen fresh, and no inteinal zones aie exhibited. 
The shape is somewhat cushion or hiacket-like, but very vanable , 

^ De Seynes, Anmd de Sei nat , Set V, Vo] i , 1H64 
Hartlg, Zer/setzuiigHernchttnungen, PI X 
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many generally grow near each other. The pores have a torn 
margin and cystids are frequent between the basidia. 

The sporophores are common in spruce plantations, and are 
accompanied by a very characteristic wood -destruction. The 
wood, in^ the earlier stages, becomes brownish -yellow and inter- 
sected by radial and vertical canals filled with a white mycelium 


(Fig. 270). Gradually, however, 



Fm 270 — Polirpoiun Itouaht Destruction of 
Spruce-wood The white inyteluim is present, 
dividing the decayed wood into cubical pieces 
(v Tubouf phot ) 


it breaks up into small cube- 



Fio 271 —Folt/}>orus borealih Later stage 
of destruction 1 he Spruce wood is broken 
up into cubical pieces, and the mycelium has 
disappeared (\ Tubeuf phot ) 


like pieces, particularly evident when the wood is broken (Fig. 
271). The cell-walls are dissolved from the cell-cavity out- 
wards, the lignified wall being first converted into cellulose and 
disappearing, finally the middle lamella. 

Poljrporus dryadeus Fr.^ (P. pseudov/niarius Bull ) (Britain 
and U.S. America). Sporophores, annual, large, shaped like 
tubers or hoofs, and generally situated towards the base of the 

^R. Hartig, Zersetzutigserschetnungen, PL XVII. A common British species. 
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stems of oak-trees. At first they are soft, later hard and brown 
with grooves on the upper side. The dark heart-wood of tlie 
oak exhibits white or yellownsh longitudinal stripes of rotten 
wood converted into cellulose (Fig. 272). In the white portions 



Pm ‘>T2 —PolvTMni* d^yaihut The in>celiinu forms lontfitudiiml stripes 
iu the Oak-wood (v. Tubeuf phot ) 

the destruction is more complete than in the yellow, where dis- 
solution of the lamellae has not as yet taken place (Fig. 273). 

A simultaneous destruction of the wood by V. dryadeun and 
P. ignianim may occur (F^. 274) ; in this case, the medullary 
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rays appear snowy white at the place where the two forms 
of rot meet; this is due to an sujcumulation of starch left 
after the cell-^alls have been almost completely dissolved. 

Pol3rporu8 (Poria) yaporarius (Pers.)^ (Britain and. U.S. 
AmericA). The sporophores are white, and have a pungent 
odour; they form crusts (never brackets) closely adherent to 
dead substrata, especially to beams and other timber in buildings, 



Fia 273 -Polpwrm dri/adeut. Later 
Bt^e of decay of Onk wood The darker 
places still consist of Ann brown wood , 
the white, however, are soft cellulose, 
(v. Tubeuf phot ) 



Pio Poljfpo) M* dryadew* and Pobi- 

porm igniartu*. Destruction Of Oak- 
wood under the combined agency of 
both fungi The wood is yellowish and 
perforated ; the medullary rays are 
snowy-white, from the accumulation of 
unchanged starch (t Tubeuf phot ) 


vhere this fungus does great harm. They are also found, how- 
Wer, on bark of living stems of spruce and fir. The destruction 
takes the form of a red-rot, the wood attacked becoming red- 
brown, cracked, and soft. The mycelium is found in stems and 
roots of trees; in cracks in the wood and below the baik, and 
on the surface of timber in buildings, it forms fan-shaped strands 
of a permanent white colour. The mycelial strands of the 
“dry-rot fungus” (MeruHus lacrymans) differ from it in being 


V^ery common in Britain on dead wood, less so on living trees. (Edit.) 
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at first white but becoming grey, and in exhibiting an internal 
differentiation which those of P. I'aporariiui do not.’ 

The hyphae in the course of their growth do not seek out 
the *pitB, but grow straight through the walls and bring about 
dissolution of the. middle lamella for some distance arotind. At 
the same time numerous short oblique fissures in the walls are 
produced vertically one over the other, especially in the elements 



Pio 275 — /’o/i/ywru* xiywaiiifwiot on vicfi Neffuudo Tho threo upper Bpoiophoro* 
arc borne on a separate piece of wood, fioin wlikh a fourth has been i nt off 
(v. Tnbenf phot ) 


of the thick- walled autumn wood. (Compare with P. sidotre- 
moides, Fig. 280). The phenomena accompanying destruction of 
wood by this fungus are so characteristic that Conwentz'*^ could 
distinguish it quite clearly in tree-remains enclosed in amber. 

Brefeld succeeded by artificial culture of the spores, in raising 
a mycelium on which basidia were formed, at first directly, 
afterwards from large sporophores. 

Polyporus squamosus (Huds.). (Britain and U.S. America.) 

^ K. Hartig, Der echte Haum-hwamm, Berlin (Springer), 1886. 

^Oouwentz, Monographie d. halttschen Berniteinbiiume, 1890. 
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Sporophores annual, occurring from spring to autumn ; at first 
tender and fleshy, later leathery or almost woody. In form 
they are short-st’alked, flat, semi-circular or kidney-shaped, and 
attached by one edgev they may also be stalked and circular 
or cup-shaped. Their upper surface is yellowisli, with flat brown 
scales arranged in concentric lines. The hymenial layer is 
continued well on to the thick fleshy stalk of the sporophore; 
it is yellow in colour, and consists of short angular pores. 



Pia. 270 —Polvporm hitpidut on plocos of living Ash (v Tubcnf phot ) 


The spores are spindle-shaped and colourless. The fungus is 
especially common on living hazel, ^sh, species of maple, beech, 
mountain ash, horse-chesnut, elm, oak, willow, pear, lime, etc. 

The wood of the specimen in Fig. 275 exhibited extensive 
white-rot, the inner parts being completely converted into a 
soft white spongy mass of mycelium. 

Pol3rporus hispidus (Bull.).^ (Britain and U.S. America.) 
Sporophores annual, soft and spongy, with a rough brown upper 

*A very common form on ash trees in Britain. (Edit.) 
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surface, and a 

z.%. 

ir — sa.^- « - - - 

the upper surface of fruit-trees, especially 

This species is a ^ spomplioves are couinion 





radiAl Btrives ., 

,„,.elacroU state the fungus tu.e .cry dan^rous.^^ 

Polyporus (Porta) 1» « ^ jeuU. »( 
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and forming crusts on the bark of birch. Spathulate cystidia 
occur between the basidia. Spores colourless, and acutely ovate 
in shape. 

This is parasitic on birch. The mycelium kills and permeates 
the wood-parenchyma which forms the greater mass of the 
later-formed parts of each year-ring, with the result that the 
various year-nngs of the wood separate from each other as 
concentric hollow cylinders. The mycelium varies according as 
its pabulum consists of cells just killed, or of wood, or of 
elements in the last stages of decomposition , in this latter case 
it suffers from want of food. In woody elements in contact 

with air, or those destroyed 
by Polyporm hetuhnvs, the 
mycelium is brown and 
forms vesicular tyloses 
similar to Agaricus mdhus 
Poljrporus betulinus Fi 
(Britain and U S America) 
The sporophores are annual, 
and emerge as spherical 
stiuctures from the unin- 
jured balk, or from bore- 
holes of Beetles, or other 
wounds When mature 
they are hoof-like or semi- 
circular and short-stalked 
when dead they become 
soft and break ofi The upper side is light-brown in colour, the 
pore-layer is white A section through the sporophore shows it 
to be white and homogeneous without /ones Lanceolate cystidia 
occur between the basidia The spores are rod-like The pore- 
layer and the upper brown layer are easily detached, and strips of 
the remaining tissue are sometimes utilized as razor-strops 

This parasite frequents living birches, ultimately causing death 
It IS known to occur on both Bctida wrrmosa and B pitbehcen^ 
in Britain, America, and Europe Its parasitism and injurious 
results were first demonstrated by Rostrup ^ Mayr^ investigated 

^Roatrup, •* Snyltesvamper Angreb paa Sko\traeerne,” Tidssknft pa Slot’’ 
burg, 1883 

*Mayr, JSotan. Centralblatf, xi\ , 1884 



Pio 278 — Potypo) v.$ betuiinus on BetuUi ven ucosa 
The sporophore waa developed liori»’ontally on a 
fallen atom It is here however, set up veiticalh 
and photographed from the lower aide (v lubeuf 
phot , 
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in greater Retail the destruction brought about by its mycelium. 
He found that it penetrates lignified cell-walls, entering the living 
elements and causing their death; it spreads most rapidly in the 
vertical direction through wood, bast, and rind, growing through 
parenchyma and sieve-tubes, and even boring its way into the 
sclerenchymatous stone-cells ; it absorbs the secondary thickening 
by dissolving out first the ligneous incrustation, next the cellulose, 
while the middle primary lamella remains behind untouched. 

Polyporus (Pomes) ftilvus (Scop.) (Britain). Sporophores 
woody and very hard, at first hairy but later smooth, dark, 

and cracked ; in form they are tuberous or triangular. In- 

ternally they show no stratification. The fungus is very common 
on living plum where it causes undoubted injury ; it also occurs 
on horn bean and aspen. 

Pol3rporus fiilvus var. Oleae Scop. In northern Italy 
may be frequently observed a peculiar splitting of the stems 
of olive trees into two or more portions ; the fissures occur 
generally on the lower parts of the tree, and may extend so 

deeply that the stem appears to stand on stilts or props. 

Hartig^ ascribes this phenomenon to the presence in the olive 
stems of the mycelium of Fohfijorm fuJvus causing rotten places 
which are cut out by the Italian cultivators ; the disease, how- 
ever, continuing to make progress, it may be necessary in course 
of time to cut so deeply into the stem, that tracts extending 
right through may be removed ; this takes place all the more 
rapidly if several diseased spots are being simultaneously 
operated on, The destruction of the olive-wood by this parasite 
is similar to that produced by P. igtimrim on oak and other 
trees. The sporophores appear on rotten spots, but are gener- 
ally quickly removed by the cultivator. Infection takes place on 
wounds, hence it is advisable at once to apply tar after cutting 
out any decayed wood, and also to paint pruning-cuts or other 
exposed surfaces with tar. Neighbouring fruit-trees, liable to 
suffer from this same fungus, should be similarly treated, both 
for their own safety and that of the olive trees. 

Polyporus (Fomes) Hartigii Allescher- (P. Igniarim mr. 

iR. Hartig, “Die Spaltung der Oelbaume.” Forntlich-naiurwus. ZeiUchri/t, 
1893.' 

** R. Hartig, ZeraetzuwjHemcheinunyen, PI. ^ II. ForstJich-naturwm. Zeit- 
schri/t, 1893, p. 61. 
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-Bresadola or P. fidvus Scop, of R Hartig). Sporophores 
oiiK«ilver It, less commonly on spruce. Their form varies much, 
i^ording as they occur on a branch or on the stem. In the 
former case, the sporophore forms a swelling below and on each 
side aj, the more or less horizontal branch. On the stem they 
are m<^re or less bracket-like. The sporophores are reddish 
brown with a smooth upper surface on 
which zones are only faintly indicated 
or altogether absent. Internally they 
are of a brownish or tawny colour, and 
exhibit concentric strata, which do not 
extend into the pore-layer; they are thus 
distinguished from sporophores of P. 
igninriiis and others. The sporophores 
are very frequent on cankered stems of 
fir where the canker-spots afford easy 
entrance for the spores. 

The wood-destruction consists in a 
white-rot. The wood becomes yellowish- 
white with clear spots and fine dark 
lines, especially where in contact with 
healthy parts. The mycelium is yellow- 
ish, and consists of thick hyphae with 
lateral branches forming tangled masses 
which frequently fill up the cavity of 
the bordered pits. This mycelium gives 
off very fine branches which bore through 
Pia. m.-Poivfiwut Hurtigii. the cell-walls and dissolve tliem in such 

Destruction of wood of Silver Fir. .in -i ii t 

The decayed wood is yellow, but a way that the middle lamellae disappear 

shows dark points and black lines. ,, , , , ^ , . , « , , 

<v. Tubeuf pW.) first and leave the remainder or the wall- 

thickeiiing for a time isolated before it 
too is used up. In this way large holes are formed in the 
elements of the wood. 

Pol3rporus sistotremoides (Alb. et Schw.) (P. Schweinitxsii 
Fr. or P. 'moUia Fr. of R. Hartig)^ (Britain). Sporophores almost 
circular with a short thick central stalk; while young they 
are light brown and spongy, but when older become dark brown 
and corky. The upper surface is downy; the hymenial layer 
extends far down the stalk, when young it is yellowish green, 

’ R. Hartig, Zergetzungserschtiitunffen, PI. IX. 
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but later becomes brown, and, on being touched, deep red. The 
spores are white, and various forms of hairs occur among the 
basidia. Young sporophores appear as little brown cushions nn 
felled timber, also on living stems of pine, and, according to 
Magnus, on Weymouth pine. 

The disease generally makes its first 
appearance in roots and lower parts of the 
stem, spreading thence into higher parts. 

Diseased wood has a characteristic odour of 
turpentine; it has a reddish-brown colour, 
and, as destruction proceeds, it gradually 
shrinks and disintegrates till it becomes so 
soft as to be easily powdered between the 
fingers. Where broken over, the wood is 
often covered with a thin while coating of 
myceliuni incrusted in resin so as to appear 
like chalk. 

The mycelium penetrates tlie eell-\\alls 
in all directions. A very cliaracteristic 
feature of this parasite is furnished b} 
shrinkage-fissures in the thick walls of the 
tracheids of the summer- wood (Fig 280). 

These are numerous and luii upwards from 
right to left extending through the whole 
wall to the outermost layers. They differ 
from the fissures in tracheids destroyed ])y 
P. vapomrius, in that they run round the 
whole circumference t>f the cell, instead of 
being small and set vertically above each 
other. 

Pol3rporus (Femes) pinicola (Sw.) (U.s. 

America). Sporophores thick, hoot-hke or 
bracket-shaped, with a smooth dark -grey upper side and a bright 
red rounded margin. The hymenial layer is smooth and yellowish, 
the spore-powder white. In section the sporophores are white. 
The species is frequent on living stems of spruce, pine, and fir, 
also on birch and cherry. 

Polyporus (Femes) marginatus Fr. (U.S. America). Sporo- 
phores with red margins, and otherwise very like those of the pre- 
ceding species, ‘ yet generally much larger, and more extended. 



Im liSO 'Irachoid of 
7'am*doBtroyod PiiIu/kii uk 
• iinlolnmoidtK 'Iho ttlluliwi 
has boon for tin iuohI part 
oxtruttod, and the walln ton 
8iHt of %nin (wood 
CrackH occur In the dry 
Mccondary wall, while tho 
wall (a i) remaiiiH intact 
The Hpiral Htnutnu, ot tho 
Hocoudary wcdl cauHOH c roHS 
niK of the fiHHiirtiM in tho 
wallft of adjotniUK colls at 
the iKirdertci ints, e, and at 
horc. holen, d, c , where 
neither pits not holos are 
prtHcnt the ftsHurcH are 
simple, I (After K Hartlf{ ) 
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The two species are held by many authors to be identical. 
It occurs chiefly on stems of beech, also on oak and birch. 
In jegard to its parasitism nothing further is known 

Polyporus (Fomes) annosas Fr. (Trametes radiciperda 

Hartig^)' (Britain and U.S America). The sporophores vary 
much in form, according as they occur more above or more 
below ground on tree stems, or on timber in mines The 
upper surface is brown and marked in zones, the margin being 
lighter. The section through the woody sporophore is white 
The hy menial layer is also white Spores ovoid and colourless, 
germinating easily in water. In artificial cultures, Brefeld 
states 2 that they produce only conidia 



Fir 281 -Polvpoivx annomx Fr (Tiameta ladictjifxia Haitig) Stool of ii 
forty year Spruce which has been dead for two or three years Iho sporophore 
IS several years old n a. White open pored layer forming over the dead basidi il 
layer, b, b at < a narrow strip of wowi still remams firm, the reiimiiider is 
coinplotelj destroyed and rotten (After R llaitig) 

This species was first in\ estimated in detail by B Hartig,^ 
and is desciibed by him as the most dangerous of all parasites 
ill the conifer forest. It is most frequent on Conifers, < g. pine, 
Weymouth pine, spruce, silver fir, Douglas fir, balsam fir, 
juniper, and Thvja , it also occuis on various broad-lealed trees, 
e.g beech® and hawthorn 

^ R. Hartig, Zersetzuiiffserschemmiqen, PI I IV H ichtige Kraulkeiten, PI 
III. ZeiUsckHft /. Forst-und Jagd we<ten, 1889, p. 428 Botan Centralhlatf^ 
XLli., 1890 

^Brefeld, Schimmelpvlzf, Heft 8, 1889 

*Rostrup, A/btldmng og Beskrtvdse of (k farhyste Svyltewampe, 1889 
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The mycelium penetrates both bast and rind causing a very 
acute red-rot in the wood, so that death of the tree attacked 
rapidly follows. Tlie disease makes its appearance on plants 
of all ages, and in forests of spruce or pine causes gaps 
which rapidly extend in a centrifugal direction. Th,e roots 
and lower parts of the stem are generally the parts first 
attacked. On the roots, the parasite is easily distinguished, 
even in the absence of sporophores, 
by the very delicate white mycelial 
membranes formed between the 
bark-scales. Destruction of the 
wood becomes first evident by the 
appearance of vertical dark lilac- 
coloured stripes indicating the stage 
when the parenchyma cells are 
killed. At a later stage, the wood 
becomes brown, arid shows isolated 
black spots with white margins 
(Fig. 282). These last consist of 
coils of dark mycelium surrounded 
by wood from which the incru.sting fk. Dostnu- 

‘ , Til ‘’f Spruoo wood. Lou<<itud Ill/ll hco- 

substance has been dissolved away, tion show mf? whit o(ceiinio8o)Hi«>twwitii 

, . 1 11 1 Ti 1 . Mack (myceliiun) centrcH. (v. Ttiboiif 

leaving only cellulose, readily dis- i-uot.) 
tinguished by turning blue on 

treatment with chlor-zinc-iodine ; here too, the middle lamellae 
are ultimately dissolved out, so that the elements become isolated, 
A colourless mycelium may also be found in tlie other parts 
of the wood, both inside the elements, and extending in all 
directions through the cell-wall, leaving holes where it itself 
has disappeared. Dissolution of the lignifying substance pro- 
ceeds from the cell-cavity, the middle lamella remaining 
intact till the last. The resin of the decayed wood passes over 
into all healthy parts and flows from the bark of diseased 
stems as a resin-flux. 

The most effective method for combating the ravages of 
this parasite is isolation of infected areas. In one case which 
I investigated in Baden, several spots in the forest formed 
very evident starting points, and sporophores were everywhere 
present at the base of stems amongst the moss. Such spots 
should be enclosed by ditches with vertical sides, and deep 
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enough to cut through all roots, care being taken to leave no 
diseased stems or roots outside the circle; after remaining open 
for a time, the* ditch must be refilled with soil to prevent 
development of sporophores on the exposed roots. Diseased stems 
should be felled, and, along with all root-remains, burned on 
the spot, where there is no risk of forest fire ; failing this, they 
and their stumps should be deeply covered over with soil, to 
prevent development of sporophores. 

The following species of Polyportts have been observed on 
living trees, but details in regard to their parasitism and mode 
of destniction are still wanting : 

P. officinalis Fr. On larch, chiefly in Russia, but also in France and 
Switzerland. The sporophores are white irregular tuasses, and at one time 
were used in medicine. The mycelium forms bands in the wood similar 
to those of P. mlpfmrem. 

P. albus (Corda), according to Ludwig* is a cause of a disease of Cbnifers, 
which extends from the root upwards. (U.S. America.) 

P, spumeus (Sow.). On apple trees. (Britain and U.S. America.) 

P. fumosus (Pers.). On willow, ash, maple, and other broad-leaved trees. 
{Britain and U.S. America.) 

P. picipes Fr. On willow and other broad-leaved trees. (Britain and 
U.S. America.) 

P. (Pomes) cinnamomeus Frog. On cherry trees. (Britain.) 

P. radiatus (Sow.). On alder (J. incano), birch, and beech. (Britain and 
U.S. America.) 

P. (Pomes) ribis (Fr.). On black currant and gooseberry shrubs. (Britain 
and U.S. America.) 

P. (Polystictus) hirsutus Fr. (Britain and U.S. America). On living 
hornbeam, alder, oak, birch, and service. A variety, scrvpostis, is common 
and injurious on cherry. 

P. ulmarius Fr., is, according to Cavara,^ parasitic on living elm near 
Pavia. (Britain and U.S. America.) 

P. (Pomei) nigricans. On birch. (Britain and U.S. America.) 

P. saiicinus (Pers.). A dangerous enemy of willow.^ (Britain and U.S. 
America.) 

Rostrup* gives Corticium comedens as a wound-parasite of oak and 
alder. 

Hartig describes Pistulina htfpatica, the liver-fungus, as causing a daik- 
brown colour in oak-wood. 

* Ludwig, Lehrbuch d. nkderen Kryptogamm. 

“Cavara, Revue Mycd., 1891. 

^Tursky, Russian translation of R. Hartig’s Lehrbuch d. Baumkrankheiten.''* 

^Rostrup, Fortaatte Underaogelaer, 1883. 
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Trametes. 

Sporophores as in Polypmus, except that the substance 
beti^een the pores does not difiei from that of the rest of the 
sporophore ^ 

Trametes pini (Brot) Fr^ King scale ot Pine This is a 
dangerous forest parasite in Northern Germany , also in Britain 
and Us America On the pine the sporophores develop from 
branch scars, and assume a bracket lorm The fungus has also 
been observed on spruce in Bavaria and elsewhere, but in this 
case, the sporophores are moie freipientl} found as a coating 
cjver the bark on the under side of a branch Lartli, silver 
til, and the Douglas hr (in Amciii i) have also been mentioned 
as hosts 

The sporophores are blown and wood) and (ontiiiuc to lorm 
annual hymenial /ones for a number of \iars Tin h) menial 
la}er consists ot pore tubes lined with bisidia between whuh 
thick-walled cystidii iic formed The spores are elliptical, and 
on germination penetrite into wounds oi broken blanches not 
protected by an oiittiow of resin Ihe oldtr branches of pine 
and larch have <i. centr<d heart wood from winch no resin is 
secreted and these hi inches, when bioken over oflci the mccs- 
sar} access to the germinating spoies for this reason inhction 
takes place most freipiently in old plant itions Ihe mycelium 
spreads thiough branch ind stem, ]>aiticularl) ujivvirds and 
downwards in the same year ring In this wa} longitudinal 
stripes and peripheral /ones ire formed in the wood giving rise 
to the popular name ring scale ’ "^iiigde h)phae bore through 
the cell- walls, and a ferment secreted by them dissolves 
the incrusting substance so that walls aflected show the re- 
actions for cellulose almost at once A very charae teristic 
feature is the appeiraiict of isolated white spots oi holes, indi- 
cating where the wood after becoming cellulose, has been 
dissolved out entiiely The middle lamellae are dissolved out 
first in attacks of this fungus, the tertiar} lamellae remaining 
longest intact (Fig. 12) The dark centres of mycelium inside 

’ The distinction between the genera Polypo-nin and J ntmetf» is badly defined 
A reiinestigation of the systematic relationships of tlie whole group of Polyporeae 
would in fact be advisable 

Hartig, ZerHet'^uw/aertchetnunoen, PI V and VI , W%chtvfe Krankhetten, 
PI III , Lehrburh <1 Baumkrankheitm, 1894 (English translation by Somerville) 
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white wood-spots, so characteristic of Polyporus annomis {Tram, 
radiciperda), appear only rarely m this species 

The destruction of spruce and fir goes on from pith to bark , 
m the pine, however, it seems to be confined to the heart-wood. 



Pio 283 Tranutes pin on Spruce {P cm Fio 284 — lraniH»pn on Spruce 

xc(lm\ Sporophore on the stem beneath a Board showing the charactoristic 

snag branch (v Tubeuf phot ) white cellulose spots in the wood 

(v Tubeuf phot ) 

and is prevented from entering the sap-wood by a firm zone 
permeated with resin 

Kemedial measures are the removal of all diseased stems 
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at thinning, and the prevention of unnecessary injuries to living 
branches or stems 

Tr&metes suaveolens (L), common on dead willow, is also 
reported as parasitic on living stems (Britain and U S America) 


AGARICINEAE 

Agaricus. 

Spoiophores umbiella-shaped and Hesli}, and decaying soon 
after discharge ol the spoies H)menium on the under side 
of the umbrella, and spread o\er a scries of radiating gills or 
lamellae, easily divisible in a longitiuliii.d direction 

The genus is divided into sections and subgeneia distinguished 
by the colour of the spores, the C(ij)iuiani are blacl\-sp(>red , 
the spoies of the Piafdh are dark puijde, biownish-puiple, or 
daik brown, of the Jhiinini blown, jellowish-hrown, or oraiigt 
of the Hi/poihodii losj or s.dmon-coloured , of the Limospou 
white 

Agaricus (Armillaria) melleus VahP (Bnt.nn and US 
Ameiica) The honc> fungus oi “ hallim.isclU’ The sporo})hores 
are present in nunibeis towaids the close ol summer on tree* 
stools of all kinds and on the h.iik ol dead or living Uomfeis 
also on timber, and even on earth Ihe fleshy stalk is somewhat 
thickened towards its base, and towards the uppei pait bears 
the nunnbranous vellowish annulus (Fig 28b) Tin cap sui- 
mouiiting the stalk is hoiiey-coloured or biownish with dark 
scales The spores are white and bestrew adjacent objects witli 
a meal} dust The spoiojihores 'are edible 

The connection between the sporophorc's and the rhi/omorph- 
strands was pioved by Hartig Thc^se rhi/omorphs are very 
common and var> much in form , they occur as round brown 
strands running tlirough the earth from root to root of attacked 
trees, inside hollow stems and in wooden water-pipes, they 
retain their rounded form but under the bark of trees they 
become dark brown flattened bands (Fig 288) They are not 
uncommon on timber, in mines they may be frecjuently 
seen hanging from the woodwork as tangled clumps, with 

Hartig, Wuh/ig^ Krankheitev, PI I and II , ZerMetzuiK/ierHcheimimen, 
PI XI De Bary, Bofan Ztituwf, 1859 Btcfeld, SrhimmeljnLe, Heft in , 1877. 
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numerous branches like the runners of some hanging plant, e.g. 
Aaron’s Beard (Saxifraga sarmentom). The rhizomorphs live as 
saprophytes and.Jiave been long known to emit phosphorescent 
light. Sporophores are developed directly on them, and if one 
sows the spores, a delicate hyphal tissue is produced, which, 
under suitable conditions, passes gradually over into the rhizo- 
morph-strand. Brefeld succeeded in raising rhizomorphs from 
spores in artifici^ nutritive media. 



Fio 

f 


285 —Agaucu* milieu* near a Beech -stool 


(V Tubeiif phot ) 


The /4(/artcMs-mycelium forms fan-shaped snowy- white firm 
membranous expansions under the bark of newly killed or still 
living trees. They are quite distinct from the much more delicate 
mycelial expansions of Polyporus annoms, and offer a particularly 
easy means of distinguishing between the two species. Another 
indication of Agarmis is the great outflow of resin from the bark 
at the base of the stem and from roots, whereby hard clumps of 
earth are formed round the roots. The passage of the rhizomorphs 
into the white membranous mycelium is easily observed. The 
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rhizomorphs distribute the fungus in the earth and other dead 
substrata, as well as bore into the bark of healthy Conifers. 

This parasite attacks not only the indigenous Conifers (spruce, 
silver fir, pine, larch, and juniper),^ but also the introduced 
forms — Weymouth pine, Douglas fir, Piiuis riz/ida, Ahie.\ Pichfa, 
Picea siichensi% various Ciqnrmneuc, etc. It also seems to attack 
broad-leafed trees, at least as a wound jjarasite.^ 


In regard to the interestinu 
and the characteristic mode c 



Fio. 2S«.— *4f/a) j, III/' UK Simiophotc 

developed from a rhizoinorph-sti and , the 
other branch boars airohted sporoidiores 
(After R. Hartig ) 


structure of the rhizomorphs, 
wood-destruction caused by 



tliiouKh a limcUa d, 'Ihi livphac fornniiK 
the Rubatiince of the lamella aio muih 
brantlud, .uid hond twijfH (mtwarda whu'li 
end m club-Bhaped basidia, a , on inuu^ of 
the«( lue de\eloi>cd Htorij^rn.ita with upues 
awollen into aporon, , i, isolated tine id 
like airosted basidia )>io]eitin>( above tla 
hj menial I ij er (After H Hartig ) 


this fungus, I give directly the account by Hartig in his 

“Lehrbuch.”^ “The pathological symptoms can only be ex- 

plained in the light of the peculiar organization of the mycelial 
growth that lives in the cortical tissues. The apex of thi' 

rhizomorphs consists of delicate pseudopareiicliyma, which, 

elongating by the division and growth of the cells, jiroduce.s 
delicate hyphae on the inside at a certain distance from the 

found it on jumper in the pine-forests near Jlherawaldc. (Auth.) 

2 The mycelium does not seem capable of penetrating uninjured broad-leaverl 
trees, but R. Hartig {F<yrHU.-nafnnvm. Zeitichrift, 1894, p. 428) mentions attack 
and death of cut roots of healthy oaks. 

2R. Hartig, Lehrhuch d. Bmmkrankheiten, 1889. The translation given 
here is from Prof, Somerville’s English edition ot Hartig’s text-book, p. 
210 . (Edit.) 
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point, whereby a felted tissue, called the medulla, is produced 
in the interior. The outer parts of the pseudoparenchyma, on 
the other hand, coalesce to form the so-called rind, which when 
young gives off numerous delicate hyphae, and these, taking 
advantage of the medullary rays, penetrate the wood, and 
especially the resin-ducts, should such be present. In the wood 
the growth is upwards. This filamentous mycelium, which pro- 
gresses much more rapidly in the interior of the wood than 
the rhizomorphs which grow in the cortex, completely destroys 



Fk. 288.— melUxi*. Rhizomorphs lu the form ot dark anaBtomosiiig 
bands, developed between the bark and wood of a tioe, (v. Tubeuf phot.) 

the parenchyma that exists in the neighbourhood of the resin- 
ducts, and to all appearance this is accompanied by a partial 
conversion of the cell-contents and the cell-walls into turpentine. 
The turpentine sinks down under its own weight, and in the 
collar, where the cortex is withered, having been killed by 
rhizomorphs, it streams outward, pouring partly in between the 
wood and the cortex, and partly into the surrounding soil at 
places where the cortex has ruptured owing to drying. On 
this account the disease was formerly called ‘ Resin-flux ’ or 
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‘Eesm-glut’ In the upper paits ot the stem, where the cambium 
and cortex are still sound, the turpentine also Hows laterally, 
by means of the ducts of the medullary rays, from the injured canals 
towards the cambium and cortex In the Litter this accumulation 
induces the formation of laige resin-blisters When, during the 
summer, the cambium is forming a new ring, the plethora of 
resin has the effect of causing the pioductioii of numerous resin- 
canals, which are usually large anil abnormally constructed, and 
these impart to the i\ood-ring formed during the }ear of sick- 
ness a very striking and characteristic aiipeaiaiue 

“ The mycelium gradu<ill> spreads from the cells of the 
medullary rays and from the resm-diuts into the vascular 
elements of the wood, where it produces a form of decu) which 
may be termed a variety ot white lot Duiuig the piogress c»f 
the decomposition from the surface of the stem luwaids a certain 
stage IS leached, which is highl) favoiiiahle to the develojuneiit 
of the mjcelium While previousl} it was simplj lilifoim and 
furnished with numerous LiWial h}})hae, it now (hwelojis Luge 
blacldei like swellings, and at the same time tlie h}})liae (hange 
into a kind ot laige meshed paiench}ina vvhicli, like the tv loses 
in the vessels of man} chci)t}ledonous tiees, coin})letely tills ii); 
the Inmiiia of the traciieidcs On iccount of the m}cclium 
assuming a brown colour when m this condition, it makes the 
portion of diseased wood which it infests <(ppedi to the naked 
eye, like a liLick line As this kind of m}(e]iuni soon dies 
off and IS dissolved, being it placed by a delicate filanicmtous 
mycelium, it seldom hap])eiis that tlie /one winch it occupies 
exceeds the breadth of thiee to four trachcids The walls of 
the elements of the wood afterwards dispLi} a cellulose 
leaction, and speedily dissolve from the lumen outwards 

“On account of the tiees dr} mg up, after the rhizoniorphs 
have spread from the point of infection on the roots into tin* 
stem, and again from the stern into the hitherto sound roots, 
decomposition of the stem usually ceases before the mycelium 
has advanced from the alburnum into the duramen It is only 
in the stool and roots that decay rapidly spreads throughout 
the whole of the wood ” 

Methods for exterminating this parasite are unknown, beyond 
removal of diseased plants and collection of sporophores It 
would certainly be advisable not to plant young conifers on 
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cleared forest-land where the fungus sporophores are numerous 
on dead stools or roots. 

Agaricus -(Pholiota) adiposus Fr.’ (Britain and U.S. 
America). This is a conspicuous bright yellow or honey-yellow 
toadstool, with a glistening slimy cap which, as well as the 
stalk, is beset wdth concentric darker scales (Fig. 289). The 
scales and delicate annulus become indistinct or disappear on 
old sporophores or after much rain. The stalk is thick, fleshy, 
and stiff, and while growing so changes its direction as to keep 
the cap always in a horizontal position The pileus or cap, at 



Fi(, 28‘* —A<ja ) i< UK adijmvif A, Amature aud a voi y j ouug sporophoic grow n 
in the forest the other sporophores were raised on Fir wood in a cellar The 
litter have longer thinner stalks, and a basal swelling beset with white down 
B Mature and gemnnatmg spores lubeuf del ) 


first globose, opens out cone-shaped or flat with a diameter of 
about 0 c.m. liemains of the velum adhere to the margin. The 
underside of the cap is at first yellow, later mouse-grey 
The lamellae are of three sizes, the largest extending tiom 
margin to stalk. From the lamellae arise the basidia, with 
four sterigmata each giving off a single spore. The spores 
fall at maturity, and cover neighbouring objects with a brown 
dust. They are oval with a length of 7-10/a and a breadth 
of 5-6/a. 

The sporophores spring up rapidly in large numbers on 

^ V. Tubeuf, “ Eine neue Kraukheit d Weiastanne ” Zeitnchr. f, Fornt u Jwjd- 
weserit 1890 , 
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living stems of silver fir, beech, etc., and on felled wood.^ In 
the forest, on nev?ly erected piles of firewood, the yellow stools 
may frequently be found in every stage of development growing 
from the cut billets, while they are especially numerous on the 
rotting useless timber left lying. In cellars or othen moist 



Fig 2% ~ 4(faucus Destruc 

tion of f ir wood The deeply corroded 
cross fissures contain white mycelium , the 
remainder of the wood is yellow (v 
Tubeuf phot ) 



Flo 291 — Agancu^ adiptnui Dostruc 
tiou of Fir wood Later stage The 
eorioded fissures no longer contain my- 
celium (v Tubeuf phot ) 


chambers, the sporophores may be abundantly produced till 
Christmas, but out-of-doors, August is the time of fructification. 

The mycelium forms felted masses under the bark or in cracks 
of the wood, and thence the sporophores arise as little pale- 
yellow buttons, which gradually unfold and become differentiated 
into cap and stalk While quite young, they show the darker 

^ Previous to the publication of v. Tubeuf’s investigation the fungus had only 
been observed on living beech and felled wood. 
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scales arranged regularly in concentric lines. The stools break 
out from living stems through cracks in the bark or from wounds, 
e.g. those ma^e by wood-peckers. 

The fir-wood, normally white, assumes, 
when diseased, a yellow or honey-colour, 
more or less like the sporophore, while 
here and there, parts may become light 
brown. The hyphae grow in all direc- 
tions, but especially as white strands up 
and down the year-rings, while others 
ill horizontal and vertical direction break 
up the wood into irregular patches 
(Fig. 290). In the final stages of 
destruction the wood will be found 
laminated into its separate year-rings 
and very much broken up into irregular 
pieces (Fig. 291). 

The sporophores of this Agaricuh are 
not uncommon protruding from bark- 
cankers caused by Accidiuw cintinum, 
and its mycelium assists in the destruc- 
tion of the stem. 

Agaricus (Pholiota) squarrosus (Mull). On 
living and dea<l steins of broad-leaved tiees. 
(Britain.) 

Ag. (Ph.) destruens (Brond.). On living 
and dead steins of poplar. (Britain.) 

Ag. (Ph.) aurivellus (Batscli,). On living and dead stems of broad-leaved 
trees. (Britain.) 



Fio. 292 —Agaucm athpoum 
and P<A4iporui< Hai tigu Destruc- 
tion of Pir-wood. The boundary 
of the regions affected by the 
two fungi IS formed by a very 
dark line of demarkation To 
the right the destruction is that 
produced by Potyporoux Hm tigu, 
to the left by Agai n us adtposm 
(v. Tubeuf phot ) 


“FUNGI IMPERFECTI.” 

The fungi placed here have life-histories which as yet have 
not been completely investigated, most of them being known 
only in the form of pycnidia or conidia. The number of species 
was at one time much larger, but it is gradually being re- 
duced as the forms are proved to be stages in the life 
of some species of definite systematic position in the other 
groups already considered. 

The group may be divided into the provisional sub-groups, 
the Sphaeropsideae, Melanconieae, and Hyphomycetes. 
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I SPHAEKOPSIDEAE 

Conidia abjointed from conidiophores contained in dark- 
colovred pycnidia somewhat spherical in foim The various 
species are provisionally arranged in genera according to the 
colour of the conidia and the number of cells contained in 
them. The families heie included are the Sphan loidme, Me- 
tnoideae, Lepfosti umaceae, and Ercipulaceac 

I FAM SPHAERIOIDEAE 

Hyalosporae 

Phyllosticta. 

Fungi with colouiless spores, and producing sharply defined 
spots on living leaves The\ occur on all kinds of woody plants 
but as a rule the injury caused is too slight to be called a disease 

From the long list given by Saccardo (Vols iii , ix , and x ) 
the following have been sdected 

Phyllosticta persicae Sacc This produces on leaves of peach 
brownish-yellow spots, fiequentl} marked by concentric zones 
The name '' shot-hole fungus ” has sometimes been applied to 
this and other allied forms, because the leaves become more or 
less perforated by the withered spots falling out The pycnidia 
on reaching maturity rupture the lower epidermis of the leaf 
ill a star-like manner Biiosi and Cavara do not regaid this 
parasite as very haimful, because leaves attacked by it remain 
alive without serious prejudice to then function 

Ph pirina Sacc has been obseived injurious to pear-trees at 
Geisenheim (Germany) 

Ph. pmnicola Sacc is the cause of spotting of leaves of 
apple, plum, cherry, and apricot (U S America 

Ph. cytisi Uesm On leaves of Cyttsiis Ldbainmn m 
Britain and Europe 

Ph. acericola Cook et Ellis On various species of 
maple {Acei da^iycaipiiimy etc ) It is described by Galloway ^ 

^The chief authorities for the occur: en^e of the “Fuugi imperfecti ” ii» 
Britain and North America are Massee (British Fungm Flora, 1895), Farlow 
and Seymour [Host Ivdtj foi US America, 1891), and Saccardo (Sylloge 
Jungorum) Professor J W H Trail kindly revised the lecords for Bntam 
(Edit ) 

2 Galloway, “Report of sect of Veget Pathology for 1888 ” USA Dept 
of Agncidtnre, Washington 
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as injurious, especially in nurseries and groves where the trees 
are grown in number. 

Ph. sphaeropsoidea E. et E,; is another American species 
which has become prominent on account of its ravages in 
nurseries of horse-chestnut. The disease appear^ about the end 
of ^ June, and by August the foliage of attacked trees is almost 
entirely dead. 

Ph. grossulariae Sacc. On leaves of Itihes Grosmlaria in Italy and North 
America. 

Ph. vulgaris Desm. A common species on leaves of species of Lonicem. 
(Britain and U.S. America.) 

Ph. sambuci Desm. On species of Samhtcus. (Britain.) 

Ph. cornicola (D.C.). On leaves of species of Comm in America. 

Ph. limbalis Pers. On oblong white spots on leaves of box. (Britain.) 

Ph. tiliae Sacc. et Speg. On leaves of Tdia. (Britain.) 

Ph. macuUformis Sacc. is probably a stage of Sphaerella macuhformis 
Auersw. It is a dangerous parasite causing a leaf-spot on sweet chestnut 
(Castanea) and other trees. 

Ph. violae Desm. A source of considerable damage to violets in America ; 
it also occurs in Europe and Britain. 

Ph. althaeina Sacc. has been rejwrted as dangerous to hollyhock in the 
United States.* 

Ph. phaseolina Sacc. appears occasionally as a parasite on leaves of 
kidney beans. (U.S. America.) 

Ph. viciae (Lib.). On Vida iepiwiii, (Britain.) 

Ph. cirsii Desm. On leaves of Cirdum. (Britain.) 

Ph. apii Hals,* produces a leaf-spot on celery, and has caused con- 
siderable loss in America. 

Ph. tabaci Pass, occurs on leaves of tobacco in Italy. 

Ph. bataticola Ell. et Mart., and others, have been recorded on sweet 
potato in America. 

Ph. betae Oud. occurs on leaves of sugar beet and mangel. 

Ph. tabifica Prill.^ Prillieux believes the disease of beet- 
root known as “ heart-rot,” to be due to this Phyllostida. It is 
probably a conidial form of Sphaerella tahifica Prill. The symp- 
toms of disease are withering of the outer leaves, followed by 
the appearance of whitish spots with withered tissue filled up 
with mycelium. Thence the disease spreads into the younger 
parts and causes '‘heart-rot” of the root. 

Frank is of opinion that “ heart-rot ” is caused by Sporides- 

*iV. J. Agric. Exper. Station Report, 1891. 

2 Prillieux et Delacroix, Bvlkt. de la soc. mycoL de France, vn., 1891. 
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mium putrefaciens Fuck. This is probably the cause of the 
gradual blackening of the leaves, yet it does not appear to 
lose' its saprophytic nature. , 

Frank also gives Fhoma hetae Fr. as one cause of the heart- 
rot of the sugar beet (comp. Phoma). 

It will thus be seen that the cause of the rotting of beet- 
root, sugar beet, and mangold is still very obscure.^ 

Ph. galeopsidis Sacc. On leaves of Galeofsis Tetrahit (Britain.) 

Ph. atriplicis Desm. On leaves of Chenopodium and Atriplex in Europe 
and Britain. 

Ph, chenopodii Sacc. has been found injurious to spinach in America. 

Ph. podophylfi (Curtis). In leaves of Podophyllum peltatum in America. 

Ph. primulicola Desm. On withering leaves of Primula. (Britain.) 

Ph. ruscicola Dur. et Mont. On leaves of species of Ruscus. (Britain.) 


Depazea. 

A provisional genus including species of which the spores 
or conidia are unknown, so that the forms included in it will 
probably be found to be related to various groups. They live 
in many cases on living leaves, causing discoloration. Some 
of th^m are : 

Depaaea acetoaae Op. On Riimex Acetosa. 

D. impatientis Kirchn. On Inipatiens NoU-tangere. 

D. geicola (Fries). On Geum urhanum. 


Phoma. 

Conidia unicellular and colourless. Pycnidia black and -em- 
bedded, but having a distinct pore. The species produce spots 
with ill-defined margins, 

Phoma abietina Hartig^ {Fmicoccum dbietimm Prill, et 
Delac). This parasite is a frequent cause of death to the 
silver fir. The branches become brown, yet retain their needles, 
hence when they occur isolated amongst neighbouring green 
branches they are at once conspicuous. On close examination 
of the dead or dying branches, areas of shrunk or con- 

^Ac(x«^jrto Karlson (Petroivsk. Akad. /. Laudvrirthscha/l, 1890) and 
riegel {Z^ck. des Verein /. Rubemuckerindmtrie d. deutsch. Retches, 1890) 
iuBScts take at> part m it. 

»Hartig, Lthrbneh d. BaumkrankheUen, Ed. n. (English Edition by W. 
Son^vihel. Met, E., Journal de Botanique, 1893. 

2g 
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stricted tissue will be found extending quite round the twig 
(Fig. 293). At these places the bark and cambium have b6en 



Fio 293 —Phoma abiehna Twig of Silver Fir show- 
ing the constriction characteiTstlc of this disease, 
’ ■ i over with pycnidia (After R Hartig) 


killed, whereas the higher 
portions of the twig have 
continued to increase in 
thickness. Numerous 
small black pycnidia 
break out on the bark 
of diseased places and 
give off small unicellular 
spindle - shaped conidia, 
which convey infection 
to new hosts in August 
or September. Killed 
branches die and dry 
up without casting their 
needles.^ 

Ph- pithya Sacc. 
causes a disease similar 
to the preceding on the 
Douglas fir (Pseiidotstiga 
Douglasii). The pycnidia 
of the fungus are found 
on dead constricted parts 
of twigs, and they, as well 
as other symptoms of the 
disease, closely resemble 
those of Phoma dbietina. 
Rostrup^ defined and de- 
scribed it as Ph. pithya 
Sacc. Magnus also re- 
cords it on branches of 
Pinus sylvestris in Berlin 
botanic garden. 


Other species of Phoma frequent other conifers and broad- 


I ^Bohm {Zeitgch. f. Ford- u. Jagd-wMtn, 1896, p. 164) describes and figures 
An attack of this parasite on Pseudotauga JDoitglaaii in North Germany. One 
cannot, however, avoid suggesting some confusion between this and Ph. pithya 
described next. (Edit.) 

®E. Rosthip Undersoegdaer over Snyltea vampes Angreb paa Skovtraeer, 
1883-1888. 
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leaved trees, but details in regard to their parasitism are 
wanting 

Ph Hennebergii Kuhn ^ Brown-spot of wheat-ears This 
produces, on the glumes of wheat, brown spots with projecting 
pycnidia from which unicellular conidia emerge The grains of 
attacked ears shrivel up and become spotted, while the value 
of the chaff as fodder is much diminished Whole fields may 
be attacked, showing marked discoloration, and producing but 
few healthy eais^ The fungus may also 
appear on the leaves and produce pycnidia. 

Ph lophiostomoides Sacc.® Lopnore 
regards this as a parasite on cereals, but 
Cavara looks on it as saprophytic on the 
dead plants 

Ph ampelinum ].)e Bary {Sphacdorm 
ampehnum De Bary) Antbracnose of the 
Vine* The mycelium of this fungus can 
penetrate into leaves, green bark, or fruit, 
and kills the tissues Spots are first pro- 
duced, then enlaigement of the neighbour- 
ing tissues takes place, causing the spots 
to appear as if sunk in depressions, and 
reminding one of hail-wounds On leaves 
and grapes, --the spots are sharply defined, pio 294 -phoma amptu 

’ i: it/ Brown concave spots 

at first dark- brown, later with greyish pn shoot and wry of r t 

’ ® •' (v Tubeiif del ) 

centres and dark-brown margins In the 

later stages the dried-up spots may drop out of the leaves 

Anthracnose, or “ birds-eye rot,” constitutes one of the dreaded 
vine diseases of America and Europe, so that it has received 
much attention, both as to its lile-history and remedial measures , 
as yet however with but partial success Copper sulphate 
solutions seem to be fairly siucessful remedies, as shown from 
results of the many experiments recorded in the Journal of 

^ Kuhn, Hedwtqia, 1877, p 121 also 111 Rabenhorst’s Fungi europ No 2261 
Frank, Zeitach fur PJtanzenlrankhdten, in , 1893, p 28 
“Eriksson (Mdthl dei k Landb Akad Stockholm, 1890) records a case of 
this kind, but the conidia are drawn two celled as in a Diplodina, whereas 
Kuhn’s original drawings have only one celled conidia 

® Cavara et Eriksson, Zeitsch f PJlanzenla ankheiten, ill, p 23 
* Goethe, MittM ub den schicarzen Brenner d Rehen Leipzig, 1878 Cornu, 
Bullet de la Soc botan de France, 1878 Pnllieux {idem), 1879 RAthay, “ JJer 
Black rot,” 1891 Scribner, Report 0 / US Amer Dept of A gncvllure, 1886. 




468 


FUNGI IMPERFECTI. 


Mycology and the bulletins and reports of the American experi- 
mental stations. (Compare also Gloeosporium ampdophagum 
(Pass.) p. 484.).. 

Ph. betae Frank.^ 'l^he younger leaves of well-developed 
beet-root become fclaok, and the disease extends into the root. 
Mycelium fills the di&eased parts and penetrates into healthy 
tissues. Pycnidia are developed on the diseased spots. The 
fungus is no relation of Sporidesmium putrefaciens, a form to 
which a root-rot is ascribed by Frank. It is however probably 
identical with Prillieux’s Phylloshcta taUJica. Kriiger found 
the disease so common, that in many localities as many as 80 per 
cent, of the plants were destroyed. Sorauer regards the root-rot 
of beet to be sometimes caused by Phoma, sometimes by 
Sporidesmium, perhaps in some cases by both together. 

Ph. sangninolenta liostr.^ attacks carrot plants in their first 
year, causing greyish -brown depressed spots on the bulbs with- 
out however appearing to be very injurious to them. When 
the seedlings are planted out in spring, the mycelium 
extends into the stem and causes the umbel to wither at 
flowering so that no seed is formed. Pycnidia are developed 
from all attacked spots and give off conidia as red tendril-like 
bodies — hence the species-name. Certain varieties of carrot 
appear to resist attack by this parasite better than others. 

Ph. SOlani Hals. This causes damage to the egg-plant 
{Solarium melongeua).^ Young plants die off on the hot-beds, 
their stems dying near the earth and shrivelling up. The 
pycnidia of this Phoma appear on the killed parts. 

Ph. cydoniae Sacc. has been reported as injurious to quince 
trees. (U.S. America.) 

Many species cause leaf-spot diseases. Some of the more 
important British and American species are : 

Ph. pinastrella Sacc. On Finns sylvestris and others. (Britain.) 

Ph. strobi (B. et Br.). On Pinus Strobus. (Britain.) 

Ph. taxi (Berk.). On yew, (Britain.) 

Ph. Candollei (Berk, et Br.). On box. (Britain and U.S. America.) 

Ph. sorbi (Lasch.). On leaves of Fyncs Aucuparia. (Britain.) 

^ Frank, Zeitsch. f. PJlanzenkrunkheiten, in., p. 90, and Deutsche landio. Pr. 
No. 89, 1893. Kruger, .Zeitsch, /, Pfianzenhrankheiten, iv., 1894, p. 195. 

“Described and figured by Halsted in Bulletin 91, N. J, Agric. Exper. 
Station. 1892. 
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Ph. malvacearum Weist. On mallows and hollyhock in Europe. 

Ph. longissima (Pers.). In species of Umbelliferae and Chenopodiaceae 
in Europe and America. *' 

Ph. errabunda Desm. In stems of Verbascum. (Britain.) 

Ph. cucurbitacearum (Fr.). On fruits of various species ‘of Cuour- 
bitaceae in Europe and America. 


Dendrophoma.^ 

Pycnidia similar to Phomci, conidiophores however bearing 
several conidia either on branches or little processes 

Dendrophoma Marconii Cav. attacks Hemp {Cannabis sativa), 
causing dark oblong spots on the green stem. The pycnidia 
are embedded and break through the epidermis with a round 
pore. The conidiophores are branched, with swollen ends 
carrying little short rod-like unicellular conidia. In case of 
attack, which generally occurs towards the close of the 
vegetative period of the hemp, it is suggested to cut the 
crop somewhat prematurely, and thereby prevent maturing and 
spreading of the fuiigirs. 

D. convallariae (kv. produces dark elongated spots on leaves of Con- 
vallaria majalis, 

D. valsispora Peuz. is recorded by Penzig on living leaves of Citnis 
Limonum (Lemon). 


Sphaeronaema. 

Pycnidia embedded, membranous, and long-beaked. Conidia 
ovoid or oblong, unicellular, and almost colourless. 

Sphaeronaema fimbriatum (Ell. et Hals.), {Ceratocystis 
Jimhriata Ell. et Hals.). Black rot or black shank of sweet 
potato.^ The parasite shows itself as black depressed spots on 
the lower parts of young plants, and these may extend over 
the whole shoot. The disease is best recognized on the tubers, 
where it consists of dark, somewhat greenish spots, varying 
from J to 4 inches in diameter, and extending some distance 
into the tissue. These .spots when once seen cannot be mis- 
taken, as they are sunk areas with distinct margins, like spots 
burned into the potato with a piece of metal which has left 
the skin uninjured. The mycelium consists of thick- walled 
olive-brown hyphae, which cause death and destruction to the 
i«alBted and Fairchild, Jour, of Mycology, Vol. vii., 1891, with Figures. 
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cells of attacked tissues. There are three modes of spore pro- 
duction: (1) br«wn macro-conidia inside the tissues; (2) colour- 
less micro-conidia on the spots ; (3) spherical pycnidia with long 
necks ending in a fringed opening. A sclerotial form is also 
strongly suspected. Kemedial measures recommended are, de- 
struction of all diseased parts, change of crop On diseased fields, 
and selection of healthy seed and strong sprouts. 

Several other species of this genus are recorded from North 
America, but details in regard to their mode of life are 
wanting. 

Asteroma. 

Fungi forming star-like, dark-grey, mycelial patches on the 
surface of plants. Pycnidia very small and containing tiny 
ovoid or short cylindrical spores. Several species frequent 
living leaves.' 

Asteroma impressum Fuck. On Tvusdlago farfara. 

A. prunellae Purt. On leaves of Prunella vulgaru. (Britain.) 

A ulmi Klptsch. (Britain), and A. maculare Bud. On Ulmus. 

A. padi (D.C.) causes a leaf-fall on Prunus Padus, (Britain.) 

A. geographicum Desm. is found on the leaves of species of Crataegus. 
PrunuSj and Pyrus in Europe and America. 


P3rrenochaeta. 

Pycnidia emergent or sessile, beset with bristles. Conidia 
oblong, on branched conidiophores. 

P3rreiiochaeta rubi-idaei Cav. forms black spots on leaves 
of Rvbiis Idaeus. The pycnidia are spherical with a tuft of 
bristles projecting from their terminal pore. The conidia are 
little, oval, and with one or two cells ; they are produced from 
slightly branched conidiophores. 

Vermicularia. 

Conidia unicellular, rarely bicellular, generally spindle-shaped ; 
they are produced inside pycnidia, and are embedded amongst 
brown 8q)tate hairs. The species are a frequent cause of leaf- 
spot, but most of them have not yet been sufficiently investigated. 

^ Ci<iinohtfyM Cesaiii De Bary, allied to this genus, is a parasite on Oidium 
Tuckeri, the'deeaded vine-parasite. 
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Vermicuiaria trichella Fr. occurs on living leaves of ivy and other plants. 
(Britain.) 

V. ipomoearum Schw, On species of Ipomoea in America. 

V. microchaeta Pasc. On living leaves of Camellia japonica in Italy. 
V. circinans Berk. Onion rot in Britain and U.S. America. 

Placosphaeria and Cytospora are genera containing forms 
parasitic on living plants, but of little practical importance. 


Phabosporae. 

Coniothyrium. 

Pycnidia brown or black. Conidia brown, unicellular, spheroid 
or ovoid, and borne on short conidiophores. 

Coniothyrium (Phoma) diplodiella Sacc.^ White-rot of the 
vine. This disease has a wide distribution in Hungary, and has 
also been observed in France, Italy, and America. It has caused 
considerable damage, especially in Northern Italy, where it was 
for a long time regarded as the black-rot. 

According to Mezey, this parasite is distinguished from 
Laestadia (black-rot) in the following points : — The pycnidia 
and conidia are larger; the mature pycnidia are greyish or 
light brown (never black), the mature conidia are brownish. 
The disease attacks the fruit only, causing it to fall off. Eathay^ 
however, states that it also attacks young shoots, infection taking 
place from the fruit. Diseased grapes become soft, rotten, and 
wrinkled; the ridges ate beset with pycnidial pustules, as in 
black-rot, but the grapes never become brittle and hard. 

Viala and Eavaz^ have recently succeeded in rearing perithecia 
from twigs and fruit-stalks set in sterilized moist sand. None 
could be found on grapes. The perithecia are globular, enclosed 
in a black covering several cells thick, and with a large crater- 
like aperture. The asci and paraphyses arise only from the depth 
of the perithecium, the latter being longer than the former and 
frequently branched. The asci are club-shaped and short-stalked, 
and contain eight spindle-shaped colourless or yellowish asco- 
spores, divided by one to three cross-septa. They germinate and 
produce one or more germ-tubes. 

iRAthay, “Der White-Rot,” ZKe Wehdatihe, 1892. 

General description in Report 9, New York Agric. Exper, Station, 1890. 

» Viala and Ravaz, Compt. rend., cxix., 1894, p. 443. 
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A' new gi^UB Oharrinia, belonging to the Sphaeriaceae of the 
Ascom^Hbetos, Bat been formed to receive this species. 

Spha^ropsis. 

Pycnidia blaoji; fU|d spherical, with an aperture. Conidia ovoid 
oj oblong^ tinieelMat, dar^c-ooloured, and on stalk-like conidio- 
phores. 

Sph. xnalomm Peck. The cause of a disease in America, 
known ns the black-rot of apple and quince. The mycelium 
permeates and destroys the skin of the fruit, which, in con- 
sequence, becomes dried up and mummified. It also occurs in 
Britain. 

Other species attack plants of various Kosaceae. 


Phaeodidymae. 

Diplodia. 

Pycnidia, small, spherical, and dark-coloured ; the conidia are 
two-celled when ^mature. 

Diplodia gosgfrogena Temme.^ Temme discoviered a mycelium 
and the pycnidia of this Diplodia in aspen {Populus tremulae) 
exhibiting hypertrophied outgrowths of wood and rind. As yet 
it has not been possible to artificially produce these malformations 
on the aspen, nor other somewhat similar ones which occur on 
the willow. 

Other species of this genus attack many trees, c.g. holly, lilac, 
horse-chestnut, mulberry, and various conifers. 


Hyalodidymae. 

Ascochyta. 

Conidia ovoid or oblong, bicellular, and hyaline. The pycnidia 
have a central aperture, and are embedded in discoloured portions 
of leaves or twigs. 

The following species are of practical importance: 

Agcoch3rta pisi Lib. (Britain). Briosi and Cavara state that 

^ Temme, Landwirth. Jahrhuch, 1887. 

Thomas, VerAand. d. botan. Verein d. Prov. Brandenburg, 1874. 
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this fungus is injurious to Pimm sativum, Phaseouts vulgaris, 
Vicia sativa, etc. It causes spots on leaves and polls, follo>)ired by 
drying up of the former and deformation of the latter. The 
pycnidia appear as tiny points on the spots, and give out bicellular 
cylindrical conidia. 

As. Boltshauseri Sacc.^ 

This species was first observed 
in Switzerland on bean (Pha- 
seolus vulgaris). Leaves of all 
ages become brown -spotted, 
and premature defoliation may 
follow. The spots are marked 
by concentric zones, and bear 
pycnidia. The conidia are 
two- to three-celled, being 
distinguished in this and by 
their larger size from the 
preceding species. 

The following species fre- 
quent living leaves : 

section of pycnidia, and still more enlarged 

Ascochyta tremulae Tlium, On tomdia (v lubeuf del.) 
the aspen. 

A. metuUspora, B. et Br, On leaves of the ash in Sco|Sland. 

A. armoraciae Fuck. On Armoracia nisticana (Horse-radish). 
(Britain.) 

A. periclymeni Thiini, On Lonkera Periclt/menum. 

A. maculans Fuck. On Hedera Helix. 

A. Ellisii Tliiim. On Vitis iMhrmca in America. 

A. brassicae Tluirn. On Bra»ska oleracea. 

A. dianthi (A.S.). On JHanthus. (Britain.) 

A. pallor Berk. On Rubiis Idaeus. (Britain.) 

A. viciae Trail. On Vicia sepium, etc. (Britain.) 

A. malvicola Sacc. On Malva sglvestris. (Biitaiu.) 

A. graminicola Sacc. On various grasses. (Britain.) 

A. scabiosae Rabh. On Knautia arvenm. 

A. nicotianae Pass. On Nicotiana Tahaccmi. 

A. digitalis Fuck. On Digitalu purpurea. 

A. fragariae Sacc. has been found injurious to the strawberry crop in the 
United States. 

A. aspidistrae given {(Jardeneids Chronicle, xvii., 189o) as a parasite on 
Aspidistra in Britain. 

^ Boltshauser-Auirisweil, Zeitwhri/t f. PJlanzenh'auhheifai, i., p. 135. 
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Actinonema. 

Pycnidia. small and situated on a gossamer net of mycelium. 
Conidia hyaline and divided by one or more cross-septa. 

Actinonema rosae Lib. {Asteroma radiosum Fr.). This pro- 
duces black radiating spots on rose-leaves, on which pycnidia 
with bicellular conidia are developed. A premature defoliation 
takes place, which in turn causes the upper buds to unfold in 
autumn before their time. The mycelium is distributed both 
inside the leaves and superficially. Timely removal of diseased 
leaves and defoliated shoots might be recommended as remedial 
measures. 

A tiliae Allesch. shows itself in spotting of the leaves and 
petioles of lime, and may bring about defoliation of the whole tree. 

A. fagicola Allesch. produces white spots with dark margins 
on living beech leaves, and causes gradual discoloration of the 
whole leaf. According to Allescher,^ this disease brings about 
premature defoliation of beech. As yet it has been observed only 
in Upper Bavaria. 

A. fraxini Allesch. On living leaves of the ash. 

A crataegi Pera. attacks leaves of Ana, P. torminalii^ and 

Viburnum Opulus, 

A. podagrariae Allesch. On living leaves of Aegopodium Podagraria, 
and Chaerophyllum hirmtim. 


Darluca. 

Darluca genistalis (Fr.). On living leaves of Cytuu% sagittalu. This may, 
however, be only a parasite on Uromyces cytui with which it is frequently 
observed, just as Bar. filum occurs on several Uredineae. 


Diplodina. 

Similar to Diplodia, but having colourless conidia. 

D. castaneae Prill, et Delac.^ produces canker-spots on the 
stems of chestnut, and brings about death. 

Phraomosporae. 

Hendersonia. 

Pycnidia formed under the host-epidermis, which is later 
ruptured. .Conidia brown, two- or more-celled. 

^Alleseher, Jledwigia, 1894. 

‘PHUmux «t Delacroix, Bull. hoc. myeoL de France^ 1893. 
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Hendersonia foliicola (Berk.) (Britain and Europe). The 
black globular pycnidia are produced superficially on leaves of 
Juniperm communis. The conidia are elliptical in shape, three- to 
five-celled, and abjointed from filamentous conidiophores. (This 
species is not identical with Podiosoma Juniperi ^ minor Corda, 
which is more like the needle-frequenting form of Gymno- 
sporangutm juniperinum.y 

Several species are found on living leaves ; 

H. cydoniae C. et Ell. on quince in America, 

H. mali Thiim, on apple. 

H. rhodbdendri Tlium, on Rhododendron hirsutum in Northern Italy and 
Germany. 


Oiyptostictis. 

Similar to Hcmhrsonia, but having ciliate spores. 

Or. cynosbati (Fuck.). Sorauer^ regards this as parasitic 
on Rosa canina, and causing death of portions of the rind. 

Stagonospora, Couturea, Asteromidium, and Camarosporium contain 
species said to frequent living leaves of various plants. 


SCOLECOSPORAE. 

Septoria. 

Spores generally multicellular and hyaline ; produced from 
short conidiophores, contained in lens-shaped embedded pycnidia 

Septoria parasitica Hartig.® This disease may be frequently 
observed in young plantations and seed-beds of Spruce. The 
symptoms are very like those following damage by frost, brown 
needles appearing in May towards the base or middle parts of 
young shoots, and followed by a premature needle-cast. The 
disease is most apparent on lateral shoots, which become sharply 
bent downwards, the green needles hanging limply till they 
wither and fall as the whole shoot shrivels up. 

The pycnidia are little, black, and spherical; they are pro- 
duced during the summer, particularly towards the lower end 

*K. V. Tubeuf, “ Generations- wechsel Gymnosporongium-Arten,” CenfralM./. 
Bakteriologie v. Parctsitenkundef 1891. 

* Handbuch d. Pflanzeukrankheiten, ii., 1876, p. 388. 

*R. Hartig, Zeitsch. /. Forst. u. JagU-weaen, 1890; and Foretiich-ncUurwm. 
Zeitachrift, 1893. 
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of the shoots, and either rupture the epidermis or grow out from 
*the leaf-scar cushions (Fig. 297). The conidia are abjointed 
from filament^ous conidiophores inside the pycnidia, and emerge 
as tendril-like structures. They are two-celled, small, cylindrical, 

and pointed at both ends. 
Germination takes place 
easily in water, and the 
disease spreads rapidly over 
the young developing shoots 
during May. The mycelium 
permeates the twig, living 
both inside the cells and 
between them. 

The disease has been 
observed on Picea r.rceJsii 
and P. Menziem, not only 
in- nurseries and on young 
trees, but also in pole- 
forest, where it frequents 
the upper crown and causes 
death. At the beginning 
of an attack the pruning 
of diseased twigs in young 
plantations should be at- 
tended to. 

Septoria rubi (Westend.).' Blackberry les^f-spot. This is a 
parasite of some economic importance in the United States, where 
it interferes with the blackberry culture. It also occurs in Europe 
and Britain. 

S. ribis Desm. produces a somewhat similar disease on leaves 
of currant and gooseberry.^ (Britain and U.8. America.) 



Fia. 296 —Scploria par(uni«'<i. «, Young diseased 
$hout of Spnice, with apex still fresh and green. 
b, Needle diseased toward base, r, Apex of a two- 
rear-old shoot, into which the disease has extended 
backwards from the younger shoot; the brown 
discoloration of cortex and pith is indicated by 
shading. (After R. Hartig.) 


S. piricola Desm. occurg throughout all Europe, causing little greyish 
spots on leaves of pear U-ees, It is probably a pycnidial form of Sphaei'dla 
luciUcie Sacc. 

S. cratMgi Kich. A common species on leaves of Crataegiu in Europe. 

S. ceruioa Peck. On leaves of Prunvs serotina in the United States. 


Ifany foims of S^toria infest cultivated vegetables: 

A Besm. is the cause of dry spots appearing on leaves of 

* DescripHim in Bulletin, No. 6, Ohio Agrk. taper. Stalioit, 1801. 

’Des^pj^on in Balletin, No. 13, Iowa Agrk. Exper. Station, 1801.,. 
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cultivated parsley in Europe and Britain, 
enemy of celery in the United States. 

S. armoraciae Sacc. On 
horse-radish in America. 

S. consimilis Ell. et Mart, 
frequents lettuce in America. 

S. lycopersici Speg. This 
parasite, originally observed in 
America, has recently been de- 
scribed by Briosi and Cavara on 
tomatoes in Italy. It causes 
spots on leaves, stems, and 
fruits, inflicting thereby con- 
siderable loss on cultivators. 

The following are im- 
portant forms on other 
cultivated plants; 

S. graminum Desm. 
causes light spots on leaves 
of wheat, oats, and grasses. 

It has been observed to 
injure the cereal crop in 
Italy.^ It is recorded for 
Britain and U.S. America. 

8. cannabis (Lasch.). 

This on leaves of hemp pro- 
duces spots, which are at 
first whitish, then yellowish 
with dark margins. The 
pycnidia are embedded in 
the upper side of the leaf. 

The following species 
haV'e caused injury to 
garden plants; 

8. dianthi Desm. Car- 
nation-spot." The disease 
appears on the leaves and 
stems as rounded spots of 
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A variety {apii Br. et Cav.) is an 



Fio. 297 —a, Leader-ahoot of Sprvice, partially 
kiUad and defoliated 6, Pycuidia emerging from 
the rind and the leaf scare ( 5) c, Formation 
of conldla inside a pycnidium ( x 240). d, Spores 
germinating in water, r, Spores germinating in 
nutritive g^tiue. (After H. Uafitig.) 


1 Cavara (ZeUnch. /. PflanztnkrankheiUn, ni., p. 23) regards this 
with its varieties, as forms of a single species ; also Erikssufi N&fra 
^ukd&mar & odladt Vdxter, 1890). 

’ Atkinion, “ Carnation Diseases,” at American Carnation Society, tttS. 
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4iity white or brownish colour with a darker margin. The 
pjTcnidhi aj^pear as black points on the spots, and rupture the 
before giving off their septate spores. 

S. juietiioii^ Desm. Ob Anemone. (Britaiu.) 

S. lyditiidis Desm. On Lyehnie diwma. (Britain.) 

S. epUobii West. On Epilohium. (Britain.) 

S, atechydis D. et R On Stachye. (Britain.) 

S. urticae D. et R On Urtica dioica. (Britain.) 

S. cyclaminis Dur. et Mont This produces roundish spots with 
eoncentric markings on the leaves of Cyclamm which then gradually 
wither. 

S. chiyaanthemi Cav. causes a leaf>spot on Chrysanthemum Japonicum and 
C. indicum. 

S. exotica Speg. attacks cultivated New Zealand species of Veronica, 

S. hydrangeae Bizz. causes injury to cultivated Hydrangea. 

S. aedi West, injures Sedum under cultivation in the United States 
and Britain. 

Other species on many other herbs in Britain and America. 

Many species of Septoria have been recorded on trees and 
shrubs, t.g . : 

S. rosae Desm. On roses. (Britain.) 

S. hederae West. On ivy. (Britain.) 

S. fi^xini Desm. On the ash. (Britain.) 

S. nigro>maculaiu Thum. On green walnuts, stunting their growth. 

S, castaneae Lev. On the sweet chestnut. 

S. aesculi (Lib.). On the horse chestnut. (Britain.) 

S. pseudoplatani Bob. et Desm. On leaves of sycamore. 

S. popuU Desm. On leaves of poplar. 

S. didyma Fuck. On Salix triandra and S. alba. 

S. comicola Desm, On leaves of Comtu sanguinea. 


Phleospora. 

True pycnidia are not formed, but the conidia are abjointed 
from cavities in the stroma; they are hyaline, rod- or spindle- 
shaped, and consist of two or more cells. 

PhleiMqx>ra aceris (Lib.). On living leaves of Acer Pseudoplatanus. 
(Britain.) 

PhL mori (Lev.). On living mulberry leaves ; probably related to 
Sphaerella mori. (Britain.) 

Phi. ttimi (Fr.). On living leaves of elm. (Britain and America.) 
PhL oxyacantlam (K. et S.). On living leaves of Crataegus Oxyacanika. 
^Britain.) 
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Dilophospora. 

Dilophospora graminiB Desm. (Britain.) This attacks rye, 
wheat, and various grasses. Oblong light spots are produced 
and bear the pycnidia ; when these occur in the flower |»eads, 
stunting of the grain takes place. (See also Dilophia, p. 222.) 

2. FAM. NECTROIDEAE. 

The fungi of this family are chiefly pycnidial forms of the 
Ascomycetes, and as such have already been considered. 

3- FAM. LEPTOSTROMACEAE. 

Hyalosporae 

Leptoth3rrium. 

Pycnidia black and discoid. Spores ovoid or spindle-shaped, 
unicellular, and hyaline. 

Leptothyrium pericl3aneni (Desm.). On living leaves of 
species of Lonicera. (Britain.) 

L. alnexun (Ldv.) produces roundish leaf-spots on species of 
Alnm. (Britain and America.) 

L. acerinum (Kunze) causes spotting of the leaves of Acer 
campestre and A. platanoides. (Britain.) 

Several other species occur both in Europe and America. 


Melasmia. 

The black pycnidia occupy black extended stromata. Conidia 
simple and unicellular, borne on rod-like conidiophores. 

Melasmia berberidis Thum. et. Wint. On living leaves 
of barbeny. Brown spots are produced, bearing the pycnidia 
as black points; the spots cause total or partial death of the 
leaves, frequently ending in defoliation of the shrubs. 

M empetri Magn. (Britain.) This species was observed by 
Magnus^ causing an epidemic disease on crowberry. The 
symptoms were abnormal elongation of young twigs, and the 
leaves remained smaller than usual. The rind of the stem was 
found to be permeated by a mycelium which produced black 
* Benchte d. deutsch, hotan. OeselL, 1886 . With illustrations. 
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pustules bearing the pycnidi^i of this The cells of 

the cortex dried up, and the j*ind became detached from the wood 
in the following year. The leaves were never . foun^ Attacked. 
(The species* is not a nor does anj” species of Khyiisma 

produce similar hypertrophy of its host.) 

M. licerina, M. punctata, and M. salidna are now recognized only as 
pycnidia of the species of HJiytiiyva beaming these same specific names. 


Leptostroma. 

Pycnidia oblong, black, and tiattened. Conidia ovoid or 
oblong, unicellular, and whitish. 

Leptostroma punctiforme Wallr. Found on the leaves of 
Salix, Moea, Buxus, EnphorUa, etc. 

L caricinum Fr. frequents leaves of Carex and Eriophorum 
in Europe and North America. 

The parasitism of other species is uncertain. 

Labrella and Discosia are genera whose species have not as yet pro- 
duced diseases of any serious economic importance. 


Phraomosporae. 

Entomosporium. 

Entomosporium macnlatum (I).C.) Lev.^ This fungus, under 
the name of leaf-blight of pear and quince, is the cause of 
considerable loss in the cultivation of these crops. Defoliation 
takes place early in the season and young seedlings are forced 
to form a new set of leaves, whereby their reserves of food are 
exhausted. If this be repeated several times the plants become 
exhausted and are killed off in winter. Stocks already budded 
seem to remain immune if not already diseased. The leaves 
axe first attacked, hut later the succulent growing apex of the 
twigs may also succumb. The parasite hibernates on the bark 
in small depressions containing the pycnidia; thence it spreads 
in early spring, so that pustules appear on the young leaves 
before they are fully developed. 

Spraying with Bordeaux mixture, or solution of copper acetate 

* Galloway and Southworth {Report for 1888 of Stcticni of Veyeiable Pathology, 
Dept, of Agriculture, U.S. America) give a historical account of tlic fungus 
and a bibliography. (Edit.) 
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(6 oz m 26 galls. w«^r) have both pi-oducecl good results m 
checking the disease,^ 

E mespiti (D C.) (See Stigmatea megpifi, p 210 ) 


ScOLPCOSrORAE 

Brunchorstia. 

Brunchorstia destruens Enkss (B pim Allesch) In Nor- 
way almost all the plantations of Austrian black pine {Pinus 
Laricio) from hve to thirty }ears old have become diseased and 
died out Similar ravages have also I)cen observed in Germany 
Brunchorst ascribes this to a p.irasitic fungus whose mycelium 
may be found in all parts of diseased twigs and needles, and 
whose pycnidia are formed on the killed remains The disease 
begins in joung first-vear twigs the mjcelium growing m 
the cortex pith, and wood Th( needles are attacked in 
summer, become brown from the l)ase upwards, and the 
p}cnidia make their appeaiance under the scale-leaves 

Biunchorst^ describes tlie fungus as follows Pycnidia par- 
tiall} t nbedded in the tissues oi the host-plant , the smaller 
ones being simple, the laiger divided by complete or paitial 
partitions The inner wall as well as the partitions ot the 
p}cnidium aie closely beset with stiaight basidia, from the 
apices of which stvlospores with two to five septa are abjomted 
Paraphvses are never present The perithecia are black, oblong 
or rounded, slightlv grooved, and 1-2 mm in diameter, they 
dehisce by one oi more iireguhr pores m the wall The 
spores aie very minute (30 — 40= iju) tapering, and rounded 
at each end 

Schwarz consideis Bnnulun stui as a eoindial form of Cofian- 
ifvm almtis already described (p 231) 

It may be heie mentioned that dnmg-up of pine-twigs may 
be due to heating by the sun in frost) weather, or to fiost 
itself,^ these are, howev’^er, ([Uite distinct from the disease just 
described 

‘B'airthild {Journal of Mycoloqif, A ol \ii ) Lmes results of treatment with 
Taitous fungicides ou sextial \aiieties of peiu and quiuce (Edit ) 

^“Ueher eme neue Knuikheit d Schwarzfohie Bergens Museum, 1889 
■'R Hartig, “ Vertiocknen u Erfncien d Kicfeinzweige,’ For<itlichnaturmHS 
ZetUirhn/l, 1892 ami lb9/> 

2h 
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4. FAM. EXCIPULACEAE. 

The parasitic nature of the species of this family has not as 
yet been investigated to any extent. 


IL MELANCONIEAE. 

True pycnidia are not formed, but the conidia are developed 
in clusters or aggregations covered over at first by the epi- 
dermis of the host-plant, which is ultimately ruptured. 

Hyalosporae. 

Gloeosporium. 

Conidial clusters colourless or grey, never black ; they rup- 
ture the overlying epidennis and give off' unicellular conidia, 
one from each conidiophore. 

GloeoBporium fructigenum llerk.* (Britain and U.S. America). 
Apple Kot or llipe-rot. Tliis is a very serious disease for 

American cultivators. It not only attacks apple, but also the 
grape, pears, peaches, and egg-plants.^ On the apple it appears 
first as brown spots which become more conspicuous as the 

fruit enlarges. The spots on first sight look like decay, but 

they are quite firm and soon bear pustules of a white or 

pinkish colour turning to black. The attacked part of the apple 
has an intensely bitter • taste, and should be carefully removed 
before eating the fruit. On grapes the fungus product's tiny 
raised pustules, which on the white vaiieties are situatt'd on 
spots with a purple centre and a brown margin : the pustules 
when mature give off flesh-coloured conidia. The grapes 
gradually shrivel up, but do not become black as in the case 
of the black-rot, nor do they assume a bitter taste as the 
apples do. 

The apple bitter-rot makes rapid progress amongst stored 
fruit, especially before it has been sorted out. Care should 
therefore be taken that diseased apples are removed as soon 
as possible. 

The spraying of trees bearing young fruit with copper car- 

*8outhworth. Journal of Myrolcxjy, vi., p. 164. 

^Hakted, BvUeiin of the Torrey Clvh, 1893, p. 109. 

Massee, Qardener'u Chronicle^ Vol. xiv., 1893. 
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bonate or potassium sulphide solutions has good eflects on the 
yield of the orchards In vineyards under treatment for black- 
rot or mildew, there is little chance of the ripe-rot fungus 
appearing 

It IS probable that the species known as 67 pltoirioides 
Sacc on tomato, 01 jnpeintnm E. et E on peppers {Cajmcum 
annimm), and Gl mdangcaf E et Hals on the eirg-plant, are 
identical with G( fnutigcnvm At least they "verj much 
resemble each other, even on their widely differing substrata, 
and cross-iiilections liavt l)een earned out 

61. venetum Speg (67 mudoi Ell etEv) Anlhiacnose of 
ras])berry and blaekberiy^ This disease apjx^ars on botli canes 
and leaves On the }oung shoots it produces small reddish- 
purple spots during eaily summer, as the season advances the 
spots run together into irregular blotches of more or less 
greyish colour with a dark purple maigm The ripening fruit 
remains small and shiivels up Leaves ma) also beai spots, 
but thej iimie frc(]iientlv remain siu dler and have an unhealthy 
look The conidia are at first cnvilopul in a thin covering, 
which becomes gdatinous when wet so that the} escape The 
mycelium is lielieved to peieiiniU in stems or deca}ed lemains, 
<111(1 so to cairy the panisitc from season to season Owing 
to the (hlicatc n ituu of laspberi} foliage fungicides must be 
used with great (aie Dilute l»ordeau\ mixture is said to be 
safe ,ind binetuitd Ihc buining of diseased canes should 
(citaiiih be earned out eadi autumn 

61 ribis (Lib) This .ittacks curiant bushes thioughout 
Europe and Ameiiea in much the same way as^// iiiutiim 
The leave‘s witlier and fall so Unit the fiuit-crop snfiers 
(llritain ) 

6L amygdalinum l>ri/i This has lecently been described 
as destiuctive to almond cultivation in Italy The m}celium 
inhabits twigs and fruits, and gives off tufts of conidiophores 
bearing conidia, as a lesult wounds aie produced in the 
epidermis and stunting of the host-tissues takes place 

61. rosae Hals is described as injurious to lose-culture in 
America It ma} be identical with some of the species of 
Olo(o^po 7 'tiii)i alreadv mentioned as frequenting Itosaceae 

' U S. Ame}ua Dept of Aqrti ultiut. Report for 1889, contains a good account. 

“Brizi, Ztihch f Pflairenkranlheiten, 1896, p. 6<>. 
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Gl. ampelophagum (Pass.)^ Black-rot of the vine. This 
disease is very injurious and has a wide distribution in Europe. 
It is known under many names such as “ Pock, Brand, Rost, 
Jausch, Brussone, and Nebbia nera," though probably these 
names include several distinct diseases. The identity of this 
Gloeosporimn is somewhat uncertain, and it may really be 
identical with Phoma ampehnum (p. 467). Rathay ascribes the 
black rot to Sphaceloma (PJwma) amj^elinvm, while Thumen 
regards Gloeosponum as the cause Briosi and Cavara consider 
the two species of fungi as distinct Thumen says that tlie 
patches of Gloeosponum are for a considerable time disc-like 
and of a light-grey rose colour; those of PJwma, on the other 
hand, are alwavs depressed and brown Rathay, however, de- 
scribes the spots ot PJwma as at first dark brown, and later 
ashy grey with a brown margin 

The spots appear on green parts of the vines during A]>iil 
and May Those on the leaves frequently fall out, leaving 
holes On the grapes the spots are smaller and ])rodiKe a 
brown coloration extending deep into the fruit The conidia 
are small, h} aline, oval, and unicellular they are abiointed 
from vei} Short conidiophores arranged in little clusteis The 
conidial patches rupture the host-ejudeiiiiis, ,ind tlu‘ conidia are 
liberated. 

Thumen suggests that the soil of vine} aids should be ke]>t 
well cleaned, and that the stake mode of cultuie be used in ])ie- 
ference to an overhead trellis, he also letommends the vNaslnng 
of all parts of suspected vines dining vvilitei with 10 to 1 
pel cent solution of sulphate of non Tins tie<itmeut is said 
to have been very beneficial in keejinig many vineyards (juite 
health} and free from fungi 

Gl. nervisequium.^ This parasite occins on species of Plain n ns 
in Europe and America Brown spots appear on the leavi'S, 
especially on the veins , these as they extend cause sudden 
withering and fall of the leaves Pustules containing a strom.i 
develop on the spots, and unicellular, ovoid, hyaline conidia are 
abjomted from club-shaped conidiophoies 

^Thumen, Die PocLtn an Wav n Ohnf ISS.'l; Dn lieLampfunq d Pihhnvk 
hettdi, 18%; De Bary, Annahn d Oevolotpf, iv , Viala, Lex maJadnx d( Itt Viqm , 
Briosi e Ca^ara, Funqhi paraxif iii , B.Uhay, H/acl. Kot," 1891. 

^ U S America Department of Veqefcdile Patho/oiiy, Report foi 1888, gives a 
general account of this disejise 
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Several fungi of very near relationship, if not actually identical, 
occur on Plataniis'^ All cause considerable disfiguration of the 
foliage, so that a systematic destruction of all young diseased 
branches is strongly recommended 

G1 cingulatum Atks ^ This is the cause of Anthracnose on 
Privet {Ligustrum vulqait) in the United States The following 
IS Atkinson’s diagnosis “ Affected areas light brown, either 
oblong on one side of the stem or completely girding it Acer- 
^ uli 100 to 150 in diameter, rupturing the epidermis, in age 
black from the dark stroma lying m the base or extending 
irregularly up tlie sides, frequently forming a pseudop}cnidium 
lUsidia numerous, crowded, simple, hyaline, or when ver} old 
jierhaps faintly fuliginous Spores oldong, or elliptical, straight 
01 little curved, usually pointed at the base From pustules 
on the stem the} measure 10-20 ]>y 5-7, in artificial cultures 
the} <ire frequently much hirgci but when crowded in the media, 
or when the nutrient su])stinci.s are neaih exhausted, tlie} may 
be consider.ihl} smallei On stems of JjKiiLstiim vuhjnrf 

This IS ([Uite (lisumt fiom (rJoiospiu mw lupisfiiKum Sacc ” 

Maii> sjK'cits of (jlotosjnniu m fuquent broad-lea\ed trees 
<ind cause mort or less in]urv to tlu foliage 

Gl. rhododendri Ih et ( iv .ittacks the leaves of outdoor 
(ultnated ihododemlioiis in autumn or indoor species in 
winter Lirge \ellow spots marked with concentiic zones 
are formed ami heir the p}(nidia, finally the leaves dry up 
and fall off 

Gl. violae P> ct Jh .ithicks violets m Biitain and US 
America 

Gl. vaniUae ( ke et M.iss {(alnspoKt KttnHai Ma'^sce '^) 
This causes a d ingeroub di^e.ise on VatnUa pJanifoJin and other 
Oichideae in Maiiiitius and other paits of the tropics Death 
IS lirought about bv the (Hutosponinn {Hainsnt) loim of the 
fungus, the higliei reproductive oigans onl} appearing wlieii the 
leaves aie killed 

Othei species are known, but their economic importance is not 
gieat 

'\ la\el, liotaii Zatuwi, ISSb Lcdert ilu Siblon, Haui (/ui de Botaniqne^ 
1S‘)2 

Atkinson, “A New Anthiauiose oi the Tin et. Cornel/ Lini iqric Exptr 
Station Bnllelin, No 49, 1892 

'Maa&ee, Ktv Bidhtin, 1S92, p 111 
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M3rxo8porium 

Conidia ovoid, hyaline, and abjointed from lod-shaped basidia 
situated in cavities of the cortical tissues of arboreous plants , 
a true pycnidium is not formed, and the leproductive mycelium is 
only covered over by the epidermal la}ers of the host 

Myxosporium devastans llostr^ is said to attack and kill 
young twigs of Bdnla miiicosa The conidial patches aie 
developed in the killed rind and gne oh unicellular colourless 
conidia 

M carneum Lih is parasitic on twigs of beech 

M laneola Sacc et Rouin causes death of oak tw igs 

The otlur known species liaAe as \et been obseived onl\ is sapioplntes 


Oolletotrichum 

Comdial patches sunoiinded b} setae, characters ^er} like 
Glo( 0 ^ 2 ^ 07 1 mu 

Oolletotrichum Lindemuthianum (Sacc ct Magn) This 
disease, tiist obsened In Lindeinulh in 187C has assumed 
great importance as a disease of the kidne> Ik an {rhusiolus 
%idga}'is) both in Luiope and Amenta \ouii_ pods arc ino'-'t 
freqiienth attacked hut luitlicr stems noi leaves aic e\cmj)t 
The pods show brown depressed spots with a distinct mirgiii 
ihe unicellular and oblong eonidia ait given off from short 
conidiophores developed on the spots (leiminatioii takes plait 
at once, the germ tubt forming an adhe‘'ion-(lisc on iht host 
epidermis and from this a liypha penetiaUs into the tissues 
to develop into a blown mjeelium frank obtained biowii 
spots and mvttlium on vmiig lieaiis twciit} four hours after 
infection 

C Lagenarium (Pass) {C (thgoikadmu Cav ) This parasite 
IS very injurious to setdlings of water mehni {Cik muis nfmllus), 
melon (C Mdo), and the gourd (CuaaJnfa L(Uf<iia7ia) Leaves 
and fruits may be attacked, but it is the cotyledons and steiuK 
of the seedling plants which most frecjiiently fall a jiiey Sjiols 

’ Rostrup, Tidisuk'ii/f f SlonaoKv 1891 

‘‘For the relationship of this with the following species, as well as their 
synoDomy, see Halsted in bulletin of 'Jorrey botavual Club, 189.1, p 24b 
Description, treatment, and bibliography by Beach, “ Bean spot disease, Oeneia 
b Y Exper Station bulletin^ No 48 
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appear on the leaves, and depressions on the stem, sometimes 
extending so far round that the whole shoot dries up. The 
conidial patches are very much the same on the different hosts, 
and consist of short conidiophores from 
which oval, unicellular, hyaline conidia ^ 

are abjointed. J 

C. lycopersici (^hest. is tlie cause of m r\ (\ Of) 

a spot-disease on tlie fruit of tomato in fS (J \)}/y 

the United States. M [j| /T 

C. spinaciae Ell. et. Hals, causes a L^m Julill 
destructive disease on cultivated spinach. 

0. malvarum Br. et Casp. (C. alfhaeae L J 
Southw.^) i)roduces a disease of cultivated J 

hollyhock. H is most injurious to the y pB 
seedling plants, and has caused great 
loss in America and Sweden. The fungus g 
may attack any organ, and produces spots ^ 
wliich enlarge so rapidly that death of the T 
host may nsult. 

C. gossypii Sonthw.^ Anthracnos(‘ of 
Cotton. This disease, although it may 
be found on .stems and lea\es, is most T 

frequent and m<l^t conspicuous on the / 

fruits or “ bolls ” of the cotton-plant. 

Tliv first signs are tiny depresswl si.ots 
of a re.l(lish-liro«ii colour, ami as these 
enlarge they cause blackening of neigh- 
bouring ti.ssue. When the s|)ores are developed the spots 
become dirty grey, f>r ])erJiaps ])inki.sh if the spores are present 
in large numbers. Fruit attacked in this way does not mature 
well, and the yield of cotton is greatly prejudiced. Atkinson 
found the cotyledons easy to infect with the disease. The 
spores are oblong and tapering, with a shallow ct)nstriction in 
the middle; they are borne either on short colourless basidia 
or on long, olive-coloured, septate setae, both kinds of conidio- 
phore being produced in acervuli or patches. 

C. adustum Ell. is the cause of a leaf-spot on orange in Florida. 


iSouthworth, “A New Hollyhock Disease,” Jownio/ of MycoJoijy, vi., 1890. 
*Southworth, Jovnial of Mycoloyy, \i., 1890, p. IW. 

Atkinson, Alahnma A<jrk. Exper. Station BnUetin, No. 41, 1892. 
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Faded spots appear on the leaves, becoming later greyish brown dotted 
over with minute black points, the ooiiidial patches.^ 

C ampdinimr* Oav. causes little dry spots on the leaves of vine, fre- 
quently in 8U(ih numbers that the whole leaf dries up. 

C. kentiae Hals, attacks palm-seedlings so 
that their leaves do not unfold. 

C. cyclameneae Hals, occurs on Cyclamen. 

Scolbco-Allantosporae. 

Cylindrosporium. 

The white and shining conidial 
cushions are embedded in the host- 
plants. The conidia are filamentous, 
frequently somewhat twi.sted. 

Cylindrosporium Tubeuflanum Alles- 
cher. This attacks the living green fruit 
of the bird -cherry, and causes the forma- 
tion of brown spots from which pustules 
break out; the premature dropping of 
diseased fruits follows. In the locality 
where I observed this disease, numerous 
trees were attacked and most of the fruit 
on each was badly diseased. The my- 
celium spreads through epicarp and 
mesocarp, but does not penetrate into 
« SStS endocarp, so that the development 

Padxu. The unsized parte re- of the embrvo is not (lircctly interiered 

present parte still green and J 

here*^^^ther^'^the“rema1nii5 Tlic conidia Originate ill pyciiidial 

parte are completely beMt by cavitics without uiiy Special peridiuiii ; 

pustules, so that the cells are J v i ’ 

killed and brown. ^ natural their shape is given in the annexed 

size. (V. Tubeuf del.) • 2 ^ rp, -j- i 

diagnosis.-^ The pycnidial cavities arise 
under the epidermis which is afterwards ruptured and with the 
cells underlying it becomes brown and dead. 

^ Tbis note is taken from [Jnderwood, Journal of Mycology, vii , but no 
mention is made of it in the later paper by Webber and Swingle Diseases of 
Citrous Fruits in Florida,” U.S.A. Dept, of Agriculture Bulletin, 8, 189tJi. (Edit.) 

‘Allescher gives the following diagnosis of this species: PwthUitt pnmum 
convexie, epkarpio lectin, dein ap^anath ncutiformibwre, epicarpio rupto cinctin^ 
mbcircularihuA, mepe caenpitosin vel conJluentibuH, luteo-brunneolin, etthfiirfuracein , 
acervulin, minutiH, innatii, erumpentihtut ; conidiin Jiliformiftun, curmtin Jlex 
uo8in mnltiguttulatU, hyaliim 40-60 = 2-3ya. Hah. in frucUbm immcUunn Pruni 
Padi, quoi necai. 
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As yet the disease has been observed in quantity only in 
the neighbourhood of Oberammergau (Upper Bavaria). 

C. padi Karst Leaf-blight of cherry and plum This dis- 
ease 18 most destructive in the nursery, causing premature 
defoliation of young trees , it ma^ also cause severe iil]ury to 
fruit- bearing trees. The leaves become spotted and perforated 
by holes caused by the falling out of withered spots Spraying 
with dilute Bordeaux mixture early in the season is said to 
have good effects^ 



Fio iOO —A fruit from Fjff 2 *0 (enlarged) 4 Two pu'itules still further 
enlarged S Pustules before and after niptmt cf the epidermis C Isolated 
oontdia (v Tubeuf del ) 

C filipendulae Timm octurs oi> leavts, of Spoam Filtpendiila 
C. ficariae Berk On lea\ts of Rmunuthts Ficana (Bn tain ) 

C vindis E et E, and C minus E tt £ On lea^es of Fianims xindu 
in the United States 

C ccrcosporoides E et E On liMiig leates of tulip tree 
C sacchannum E et E On Ining lea^e'^ of hti mcchaxufixwo in the 
Tnited Stateh 


Oryptosponum. 

(’oiiidial cushions shaped like pjcnidia Conidia lod-like or 
spindle-shaped 

Cryptosporium leptostromiforme Kuhn - This fungus forms 
rov\s of black stromata on the stems of lupines, in the stromata 
aie formed pjcnidia-like cavities with several neck-like openings, 
and 111 them conidia are given off fiom coiiidiophores The 
conidia are lods with lounded ends 7-8 5 /x long and about 
broad they emerge from the necks of the cavities as 

long teiidril-like chains, and may be continuously given off 

’Fairchild {Jownaf of Mycoloqy, vii , p 249) gives results of remedial 
treatment 

-“J Kuhn, Bcrirhtt d landiinth Imt , Halle, 1880 

Fischei, Cry ptoxpot turn lepiOHiromtformt ’ Breslau, 1893 
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throughout the whole summer. Fischer has proved experi- 
mentally that the conidia germinate easily in water, that the 
germ-tubes ^netrate into living lupines, and produce a mycelium 
which spreads through stems and leaves to develop stromata on 
all the organs of the plant. The formation of both pycnidia and 
conidia goes on throughout the autumn and following spring on 
dead plants, the fungus being capable of living as a saprophyte 
and of hibernating. The disease may occur with great severity. 
Fischer describes cases where more than the half of the plants in 
a field were attacked and died before flowering or soon after. 
There is thus a loss not only in lupine seed, but also in the good 
effects which the crop has as a "green manure.” 

Fischer gives the following measures for keeping this pest 
in check : “ Where the fungus has obtained a footing, luj)ines 
should not be planted till at least the year after next, and then 
only as a catch-crop on stubble : it would be still safer to keep 
lupines off the land till the third or fourth year. After lupines 
as a catch-crop, they may safely be sown again in spring as a 
seed crop, after the lapse of a clear year. No lupines should 
be cultivated near disejised fields. Instead of ploughing-in a 
catch-crop of lupines directly, it should be dried and used as 
litter for cattle, because the excrement has been found to kill 
the fungus; the lupines after lying over winter in the manure- 
heap could then be used as manure in spring. Similarly when 
the lupines have been grown for seed, they should be closely 
mowed down so that little stubble is left ; the straw may then 
be used for litter.” 

This fungus has not as yet been observed on plants other than 
lupines. 

I>lDYMOSi*OBAE. 

Didymosporium. 

Conidia brown, oval or spindle-shaped, bicellular, and not 
produced in chains. 

Didymosporium salicinum Vuill. Vuillemin reports this as 
very destructive to the Osier cultivation in Bourgogne. 

Marsonia. 

Conidia transparent, two-celled, and not produced in chains. 
The species live on leaves. 
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Marsonia juglandis (Lib ) produces on leaves of Juglans little 
greyish yellow spots with brown margins , thereon stromata are 
formed, which rupture the epidermis and liberate the large sickle- 
shaped conidia (Britain ) 

M popuU (Lib ) On leaves of species of Popvhis in Europe and Bntain. 
M potentillae (Desm ) On species of Potentilla (Britain ) 

M carapanulae Bies et All On Campanula latifoha 
The following are North Anitrican species 
M toxicodendn (Ell etMait) On Rkvs Toruodendum 
M quercus Peck On Quei(m ilia folia 


Phragmospor^e 

Coryneum 

The comdial patches are black and disc-like, and rupture the 
host-epideimis The conidia are oblong or spindle-shaped, 
yellowish, and pluriseptate they are ab]ointed from short 
conidiophores 

Coryneum Beyerinkii Oud^ This is stated b} Beyerink to 
be the cause of a “ guni-tlu\ ” of cherry and allied species of 
Rosaceae It is the conidial form of A'^coHpo'i a (see p 211) 

C. camelliae Mass - occitis on Inmg Camellia lea\es at Kew 
(Britain ) 

Pestalozzia 

Conidia spindle-shaped, with two oi more brown median cells 
and hyaline terminal telL, the cue at the free end carrying 
several cihate jiroces&es 

Pestalozzia Hartigii Tub ^ The external effects of this 
disease have been long kintwii, although the fungus causing it 
has only been lecentl-v detected It attacks }oung plants oi 
various trees and sliiubs The symptoms aie yellow discoloration 
of the foliage, and constriction of the stem just above the level 
of the soil, followed liy death of the whole plant At the 
constriction oi the stem the rind gradual!} dries up, whereas 
neighbouring portions continue to grow in thickness till finally 
the bark is ruptured (Fig d02) In the living part of the 

^Ouileiimns, Hedaiqta, 1883 
* Cooke, Grenllea, \\ , p 8, 18*11 

Tulieuf, Betfraqe zur Keuiifmss d Baxnnkiankhnteu, 1888, Forstlich 
naturavis Zettuchrijt, 1892 
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rind of young plants of spruce and silver fir, I succeeded in 
finding near the place of constriction, a delicate mycelial stroma 
enclosing some cavities (pseudopycnidia). Oonidia were formed 
inside these cavities and emerged to the exterior. They belong to 
the genus Pcstalozzia, and have two brown median cells, a trans- 
parent stalk-cell to which the long stalk is attached, and a 
transparent terminal cell carrying two or three transparent thread- 
like appendages (Fig. 303). Germination results in the emission 
of a strong germ-tube from one of the three lower cells. If at 
any time the conidia dry up, the two clear transparent cells 



Fifi 304, — Ptshiioz-ia mn< fo on Chapmen pai n AIoizhki At the places 
m.irkod X cumbiuin and nnd hive been killed, so that growth in thickness no 
longer takes place, the higlui pirts, how ever, have continued to thicken, but 
are gradually dving (v lubcuf phot ) 

collapse and the appendages easily fall oft, so that on material 
of this kind the conidia are only two-eelled and brown. The 
mycelium after cultivation in nutritive gelatine soon produces 
conidia. 

This fungus was found by Tiostrup on lieech, producing much 
the same effects as just described. On this host it has been 
found very destructive in young naturally regenerated forest, 
the loss in Bavaria and Wurternburg within very recent years 
having been estimated at 30 per cent. It also occurs on ash, 
sycamore, and other trees. 

P. ftinerea Desm. (Britain and U.S. America). The spores of 
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this fungus were found by Boehm^ on diseased cypress trees, and 
although investigations aie not yet complete, it is believed that 
this Pestalozzm is the cause of a well-known disease on cypress 
The symptoms on O^iamaecypans Mennesii are local constriction 
of stems, and branches, and death of portions beyond The rind 
and cambium of constricted places are killed, the bark becomes 
split, and the wood dries up P fiincrm is a well-known sapro- 
phyte on twigs and needles of Ciuprcssus, Junipcr'iis, and other 
Conifers , its occurrence as a parasite has been suggested several 
times, 

P. gfongTOgena Temnie' is said to cause the canker of willow 
In diseased willows Temme found an intercellular and an 
intracellular mycelium with pyciiidia and conidia of Pestdlozzia, 
but other pycnidia of unknown aftinity were also piesent 
P insidiens Zab On bark of Ulmiis amauana (US. 
America ) 

P. phoenicis Grev causes a disease on indoor cultu ated palms 
The following are some of the moie important forms frequenting 
living lea\ es 

P Guepini Desin ^ (U S America) The conidia of this species 
are found on large spots with daik margins on liMiig leaves of 
Camclha 'japoniea, Magnolm, Citrus, Rlmlodetuhon, and other 
plants Spore-patches appear on the epidermis, and gi\e off 
conidia embedded in a mucilaginous slime The conidia have 
three dark median and two In aline terminal cells, the distal one 
bearing the characteristic appendages The lea\es are permeat(*d 
with mycelium and fall prematurel} 

P inqumans C et Hark On Encabfptm m t’ahfornia 
P stictica B et C On l^lataum otcidentalu and 7V?a in Ignited States 
P concentnca B et Br On leaves of Ciataegus, Pgrus, Castanea, and 
Quercus in North America 

P suffocata E et E , and P discosioides E et E On cultivated and 
wild rose shrubs in America 


Pestalozzina. 

Conidia similai to those of Pcstalozzia, but all the cells 
hyaline 

’ Zettschrtfi f Forst u Jaqd wesen, 1894, p 63, 

^ ThieV» landmrth Jahrlmch, 1887 , and Ber d deutsch hotan (Jen, 1890 
^ Armal des Science natur , S^r ii , Vol xiii , 1840; Bnosi et Cavara, Fungtn 
parmit , VI 
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Postalozzina Soraueriftna Sacc.^ occurs on foxtail grass 
{Alopecurus pratemis). The conidial tufts develop on spots which 
appear on the gradually withering leaves. The bristle-appendages 
on the terminal cell of the conidia are lateral, only one being 
terminal. This disease was first observed by Weinzierl at Vienna, 



and has not as yet been found out of that neighbourhood ; it 
attacks the pure-culture seed-beds only. 

Septogloeum. 

Like Gloeosporiim, except that it has pluricellular conidia. 
Septogloeum Hartigianum Sacc.^ Twigs of the common 
maple {Acer campestre) are subject to a disease, which exhibits 

KSorauer, ZeitHchrift /. Pjktnzenkrankkeiten^ 1894, p. 213. 

■‘‘R. Hartig, Forstlich-naturwm. ZtUschriJl, 1892, p. 289. 
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Itself in fee drying-up of young twigs before their buds ' open 
in spring.. The older branches, however, assume their normal 
foUage. Examination of diseased twigs reveals the mycelium 
of a parasitic fungus living both inside and between the 
cells of rind and wood. Conidial patches break through 
the host’s epidermis about May as long greyish-green lines. 
The conidia are hyaline, three-celled, and cylindrical with 
rounded ends ; the conidiophores are short thick rods. In May 
and .lune the spores are capable of infecting new hosts, and 
germinate in a few hours. Infection of twigs takes place in 
summer, and the mycelium spreads through the first-year 
shoots, without, however, giving any external indication of its 
presence till the following spring, when the twigs dry up as 
already described. 

S. ulmi (Fr.) may be a form of Fhyllachwa nlmi. The 
mycelium lives in parenchymatous cells, and causes the formation 
of brownish-yellow spots on leaves of the elm. The conidial 
patches form tiny points on the lower surface of the leaf: they 
consist of pycnidia-like structures without a peridium, arising 
from a stroma developed under the epidermis. The conidia are 
spindle-shaped and pluricellular. 

S. mori (Lev.) is stated by Briosi and Cavara to produce yellow 
spots with brown margins on the leaves of Monts alba and M. niyra. 
Death and premature defoliation of the host then take place. 
The conidial patches develop under the epidermis, and rupture 
it as the conidiophores emerge ; they have no real peridium, 
hence the fungus cannot belong to the group Fhleuspora, as 
Saccardo supposed. The conidia are long, cylindrical or fila- 
mentous, and pluricellular. 

Amongst the more important North American species are : 

S. profUsum (E. et K). On living leaves of Corylvs 
amncricana. 

8. fraxini Hark. On Framnus Oi'cyana. 

8. ap0C3nii Peck. On Apocyimm cannabinvm. 


III. HYPHOMYCETES. 

Conidia produced neither in pycnidia as in Sphaeropsideae, 
nor from a special stroma as in Melanconideae, but free on 
conidiophores given off from the mycelium. 
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rte group is subdivided into the families of the Mucedineae, 
StHbeae, and Tvherculaneae ^ 


I. FAM MUCEDINEAE 

1 Sect Amkrosporae 
1 Subsect Mierouemeae 


Oospora 

Conidia, transparent or only slightly coloured, globose or 
ovoid, non-septate, and produced m regular chains from simple 
short conidiophores , they thus resemble the genus Torula in the 
Demaheae 

Oospora scabies Thaxt^ is said to cause the well-known 
scab or scurf on beet and potato This consists in portions of 
the surface of the subterranean tubeis swelling out as rough 
brown excrescences Othei authors ascribe this disease to 
bacteria 


Microstroma. 

Conidia unicellular, transpaient, o\dl, and shortly stalked 

Microstroma album (l)esm) This, although common on 
living leaves of several species of Queicm, is not a serious 
disease The conidial patches on the under side of the leaves 
are white and \er} thin (llritain ) 

M juglandis (Bireng) frecpients the leaves of Jnglan'i rcgm 
and J cinercn m Europe and Noith America 

Monilia 

Conidia ov al or sjundle shaped and produced in chains from 
branched conidiophoies 

Monilia fructigena Peis (Britain and US America) This 
IS the cause of certain widespread diseases — the brown-rot of 
cherry and plum, the peach-rot, and a rot on apples and pears 
It has been the sub)e(t of man} papers since Thumen first 
described it in 1879** All parts of the host are attacked, and 

iThis la the arrangement followed by Massee, “ Funqm Flora," Vol 

'IH ; there the characters of the various sub divisions may be obtained (Edit ) 
“Thaxtef*, ConnecUnit Aijnc Ex^>er Statton, Report, 1890 
^Amongst the more important descriptions are Thumen, Funqi Pomicola, 
1879 , Smith (Worth G h Gardener's Chronicle, 1885, p 52 , Arthur, New York 
Agrtc Exper Station, n , 1885 


2l 
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exhibit reddish or yellow spots; therein the mycelium spreads 
rapidly and gives ofiF tufts of conidiophores which rupture the 
epidermia -The conidiophores are septate, branched, and give 
off chains of unicellular oval conidia. Meanwhile the affected 
fruit becomes rotten and gradually shrivels up, it remains, 
however, hanging on the tree throughout the winter. During 



Pig. 306.— JfoMiita fruetigencu A, Apple Bhowinc the fcey conidial patches as 
more or less oonoentrio Unes. B, Young Peach, shiivelled up in consequence of 
attack, (v. Tubeuf del.) 


next spring, when the fruit is again moist, further conidia are 
given .ofi*. Infection takes place by wounds or even through 
the epidermis of young leaves and blossoms. The conidia have 



Fio. Sff7.—MoKilia fructiqena. Branched conidiophorc with chains of contdla. 
a. Branched hypha of Monilta in the tissue of an Apple, (v. Tubeuf deb) 

been found to retain their vitality for two years. Smith ^ 
found that twigs were also affected by the disease, so that a 
gummy degeneration took place in the soft bast and cambium. 

As remedial measures, the gathering of all diseased fruit left 
hanging over winter is strongly recommended. This, as well 
as other diseased parts, should be burned as soon as possible. 

^ Smith (Erwin), Journal of Mycology, vn., p. 36. 
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Washing of stems with a solution of iron sulphate in spring 
before the buds unfold is suggested, also spraying of young 
foliage with dilute Bordeaux mixture. 

Oidium. 

Mycelium epiphytic on living plants. Conidia unicellular 
and barrel-shaped, produced in chains on erect conidiophores. 
Many have already been proved to be conidial forms of 
Erysipheae. 

Oidium erysiphoides Fr. frequents living leaves of hop, 
clover, cucumber, etc., and is probably the conidia of species 
of Erysiphc on these hosts. (Britain and U.S. America.) 

0. Tuckeri Berk. On leaves and berries of the vine (see 
Uncinula, p. 176). 

0. leucogonium Desm, On roses; probably the conidial form 
of Sphaerotheca pannosa (see p. 172). 

0. farinosum Cooke. On living leaves of apple-trees. 
{Britain.) 

0. chrysanthemi Babb. On leaves of cultivated chrysan- 
themum. (Britain.) 

0. aceris Babach. On leaves of Acer Fficudoplatamis. It is 
probably the conidial stage of Uncinula hicornis. (Britain.) 

0. mespilinum Thum. On leaves of medlar. (Britain.) 

0. destruens Beck. On Amelamhicr canadensis and Prunus 
■Herat ina in America. 

0. tabaci Thum. On leaves of tobacco. 

0. monilioides Link, probably the conidial stage of Erysiphc 
graminis, occurs on living grasses over the whole world (see p. 175). 

2. Sub-sect. Macronemeae. 

Botrytis. 

Mycelium grey. Conidia more or less spherical, and pro- 
duced in aggregations on the ends of branched conidiophores. 
Many of the species are saprophytes, others are parasitic on 
plants or insects, and others form sclerotia : the latter have 
already been considered under Sclcrotinia (see p. 267). The 
following are known to be parasitic on plants : 

Botr3rtis cinerea Pers. This enemy of many plants has already 
been noticed as Sclerotinia Fttcheliana ; so also B. Douglasii Tubeuf. 
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B. galanthina Sacc. occurs on /he bulbs of Oalanthus nivalis 
in Britain. 

B. paraftitlca Cav, produces sclerotia and conidia on Tulipa 
GesneriaTia in Italy {Sderotium tulipac). 

B. vulgaris Fr.^ This is a very common species, and includes 
several well-marked varieties. It is said to be parasitic on 
cultivated lettuce causing a “leaf-rot.” 

B. foscicnlaris Sacc. is reputed to be the cause of a “fruit- 
mould” on the egg-plant {Solanum Melonge/m) in the United 
States. 

A Botrytis is figured by Atkinson^ as frequent on diseased 
carnation-plants. 

Ovularia. 

Conidiophores simple except for tooth-like projections near 
the apex on which the conidia are developed. Conidia uni- 
cellular, colourless, solitary, rarely in chains. 

“Closely allied to Bamularia, but distinguished by the one- 
oellfed- conidia ” (Massee). 

Ovularia pulchella (Ces.). Briosi and Cavara distinguish this 
as a disease of Loliiim italicum in Italy. The leaves become 
black-spotted and penneated with an intercellular mycelium, 
from which arise the erect, branched, septate conidiophores. The 
more vigorous conidial patches have a delicate rose colour. 

0. necans Pass, produces large spots on the foliage of quince 
and medlar, so that the leaves giadually wither and dry up. 
Conidia appear as a white powder on the dead remains. This 
fungus is recorded from both Italy and France. 

The following are British species occurring on leaves ; several 
of them, however, are placed by Saccardo under Bamnlaria : 

Ovularia Ijchnicola (Cke.) Mass. On Lychnii diurna, 

O. seneaonis (Sacc.), On ^enecio vulgaris. 

t). iactea (Desna.). On species of Viola. 

O. armorficiae (Fuck.). On cultivated horse-radish. It is reiwrted as 
somewhat destructive in the United States. 

Ot. interstitialis (B. et Br.). On under surface of leaves of priiniose, 
forming yellow spots in the angles of the veins. 

Oi prfenulana Tliiim. On leaves of Primula. 

O. cycfateariae (Cke.). On Cochlearia opicinalis. 

* Wehmer on species of Botrytis, Zeitschrift f. PJlanzenkrankheitev, 1894. 

s^^tkinsoD,. ^*CanuUioi% Dimases,” at Amer. Carnation Society, 1893. 
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O. alnicola (Cke.). On Alnm glutinoM. 

O. scelerata (Cke,). On Ranunculiis s(»leratm. 

O. rosea (Fuck.) produces irregular brown spots on the leaves of 
various species of willow. 

O. asperifolii (Sacc.). On Symphytum qfficinalu. 

O. veronicae (Fuck.). On spots on leaves of Veronica Chamaedrys^ etc. 
O. lamii (Fuck.). On Lamium. 

O. syringae (Berk.). On Syringa. 

O. sphaeroidea Sacc. causes spots on leaves of Lotus. 

O. carneola Sacc. On spots on leaves of Scrophularia nodosa. 

0. bistortae (Fuck.). On spots on leaves of Polygonum Bistorta. 

O. obliqua (Cke.). On leaves of Rumex. 


2. Sect. Didymosporae. 

Didymaria. 

Conidia two-celled, colourless, and produced singly at the 
extremity of simple erect conidiophores. 

Did3nnaria pninicola Cav. (Javara states that this causes 
raised roundish spots on the upper surface of leaves of plum; 
finally the leaves gradually dry up and fall off. Slender two- 
celled conidiophores are produced, and give off each a two-celled 
obovoid conidium. 

D, Ungeri Cord. On living leaves of Ranvnculm repens. (Britain.) 

D. astragali (Ell. et Hoi.). Found on leaves of Astragalus taiujdensis. 

D. spissa Hark. On leaves of Solidago oicidentahs ; both species in 
North Anierica. 


Bostrichonema. 

Conidiophores erect, spirally twisted, unbranched^ and non- 
septate. Conidia elliptic or oblong, two-celled, and hyaline. 

Bostrichonema alpestre Ces. On living leaves of Polygonum 
viviparum and P. Bistorta. (Britain.) 

B. modestum (B. et B. White). On leaves oi ’ Alchemilla 
alpim. (Britain.) 


3. Sect. Phraqmosporae. 

Ramularia. 

Conidiophores emerging in tufts from the stomata ; they giVe 
off a terminal conidium, then bend over and produce a lateral 
conidium, and so on they branch in a sympodial manner, pro-' 
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ducing conidia at the end of each branch. Conidia septate 
oval or cylindrical, and light-coloured. 

“The parasitic habit, simple or sparingly branched hyphae, 
denticulate and bearing the septate conidia at the tips, charac- 
terize tlie genus, which differs from Ovularia only in the 
septate conidia” (Massee). * 

Ramularia cinarae Sacc. is said by Prillieux^ to have caused 
great destruction in the cultivation of artichokes. The leaves 
became spotted and died, so that no flower-heads were produced. 

The following are British species: 

Ramularia hellebori Fuck. On leaves of ffelleboru^ foetidus and H. 
viridis. 

R. epilobii (Schii.). On leaves of Epilohium. 

R. ulmariae Cooke. On leaves of Spiraea Vlmaria. (U.S. America.) 

R. geranii Fuck. On under surface of leaves of various species of 
(jerq,nium. 

R. lampsanae (Desiu.). On Lampsana and Hypochoerm. 

R. pruinosa Speg. On Senecio jaeof>ea. 

R. plantaginis El. et Mart. On leaves of Plantago major. (U.S. Ain.) 

R. variabilis Fuck. On leaves of IHgitaligMuWerhascum. (U.S. America.) 

R. calcea Ces. On leaves of GlecJioma hederarea. 

R. urticae Ces. On leaves of species of Vrtka. (U.S. America.) 

R. pratensis Sacc. On Rnmer Aretosa. 

R. rufibasis (B. et Br.). On Mynca Gale. 

Some of the more important North American species are : 

Ramularia rufomaculans Peck. On the buckwheat {Fagopyrum encvlen- 
tum\ it has proved a somewhat injurious fungus. 

R. albomacuUta Peck. On leaves of Carya amerieanu 

R vibumi E. et E. On leaves of Vilmmum Lei^tago. 

R. celtidis E. et K. On leaves Celtic oecidentalis. 

R. desmodii ('ooke. On leaves of various species of Desmodinm. 

R. brunnea Peck. On living Timilago farfara. 

R. areola Atks.^ This causes spots on the foliage of cotton. 
“ Spots amphigenous, pale at first, becoming darker in age : 
irregular in shape, limited by the veins of the leaf, conidia in 
profusion giving a frosted appearance to the spots. Conidio- 
phores fasciculate, in small clusters distributed over the spots. 
Conidia oblong, usually abruptly pointed at the ends ” (Atkinson). 

R. ()k>eldiana Sacc. is said to kill leaves and twigs of Coffea 
arahica in Brazil. 

***Maladie d. Artichauts,” Bullelin de la toe. myedog. dt /Vance, 18P5i. 

’Atkinson, Botanical Gazette, xv., 1890, p. 166. 
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Piricularia. 

Conidia grey, pluricellular, somewhat pear-shaped, and pro- 
duced from the apex of simple erect conidiophores. 

■ Piricularia oryzae Br. et Cav, This species is .described 
by Briosi and Cavara as causing a disease of rice in Northern 
Italy. The plants become spotted and reddish-brown in summer, 
finally withering. The conidiophores arise on the spots on the 
lower surface of the leaf, and bear light-grey three-celled 



Fio. S(\S.~Ma»ti(fofponuni albmi. (v. Tiibeuf del.) 


conidia. Diseased plants may be found bearing this fungus 
only, frequently however it is in company with other fungi. 

Cercosporella. 

Conidia hyaline, similar to those of Ccrcos!pora, and produced 
from simple or branched hyaline conidiophores, 

Cercosporella persica Sacc. is parasitic on living leaves of 
peach. In America it has been known since 1890, and receives 
the name of “frosty mildew.” It causes yellow spots on the 
lower surface of the leaf. 

0. pastinacae Karst, occurs on living leaves of cultivated 
parsnip. 
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Mast^roBporinm. 

Oonidia hyaline and four-celled, frequently bristled. 
Mastigosporitim album Eiess. produces oblong dark spots 
mth light margins on leaves of living grass. The conidia 
are produced on the margins of the spots (Fig. 308). 


Fusoma. 

Similar to Fusarium^ but the mycelium is loose and not 
aggregated into a tuft. Conidia spindle-shaped and septate. 







Fu). 311.— Fuioww parasUiruM. Coni- 
dU- iminature, mature, and germinat- 
lug. (After K. Hartlg.) 


Fuaoma paraaiticum Tub.^ is the cause of a disease of seed- 
lings, particularly those of Conifers. Tlie first symptoms are 
dark patches on the seedlings, followed by their collapse. There- 
^B. Hartig, Forsilich-ncUurmsH, ZeitHchrifl, 189.3, p. 432. 
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after in moist weather or under artificial cultivation, a 
light-grey mycelium appears bearing numerous slightly curved, 
tapering, pluriseptate conidia (Fig. 311). In Bavaria and 
Baden this parasite has caused great loss in the seed-beds of 
conifers. 

F. inaeQiliale Hoyer. On living leaves of Taraxacum officinale. 


Septocylindrium. 

Conidia cylindrical, hyaline or pale-coloured, with two or 
more septa, and produced in chains. 

Septocylindrium aromaticum Sacc. occurs on living Acorus 
C(damu,% killing leaves and even plants. The mycelium grows 
intercellularly and produces spots. The conidiophores emerge 
ill tufts from stomata included in the spots, and give off long 
thread-like, pluriseptate, hyaline conidia. 


2 . FAM. DEMATIEAE. 

I. Skct. Amerosporae, 

1. Svhmt. Micronemeae. 

Many of the genera of this subsection contain species found 
on the living leaves of plants, but none of them are yet of 
economic importance. 


2. Suhitect. Man'onemeae, 

Hormodendron. 

Mycelium grey, epipliytic, and creeping. Conidiophores erect, 
branched, and septate. Conidia spherical or ovoid, unicellular, 
and produced in chains. 

Hormodendron hordei Br.^ This produces a characteristic 
spotting of the haulms and leaves of barley, accompanied by a 
stunting of the whole plant and poor development of the ears. 
This is not a true parasite, but when it appears in quantity 
it has considerable effect, attacking whole fields and causing 
great injury. The spots and conidia are found also on wild 
Hordeuftn ‘m/arimim on the margins of roads and fields. 

iBruhne in Zopf’s Bdtraqe :. Phyniol. u. MorphoL nkd. OrganUmen, iv., 
1894. 
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2. Skct. Bidtmosporab. 

1 . Subwct. Micronemeae<. 

Dicoccum. 

Conitlia ojblong, two-celled, and arising from short simple 
conidiophores. Mycelium subcuticular. 

Dicoccum (Marsonia) rosae (Bon.) causes brown spots on 
living leaves of roses, and a premature leaf-cast takes place, 
little mycelial stromata develop between the epidermal cells 
and their cuticle, and give off two-celled hyaline conidia. 

D. uniseptatum B. et Br. forms dark patches on twigs of 
Clematis wtalha. (Britain.) 

D. lathjrinum EIL et Gall. On living leaves of Lafh/rt(s 
ochroJeucus in America. 


Cycloconium. 

Mycelium subcuticular. Conidia one- to three-celled. 

Oycloconium oleaginum Cast.^ ‘When this fungus is present, 
the leaves of the olive show roundish liglit-brown spots with 
dark margins, then becoming discoloured, they roll up and drop 
off. The mycelium grows in the walls of the epidermal cells, 
branching dichotomously ; branches of the h)phne break out 
through the cuticle as sac-like cells, which become the conidio- 
phores. The conidia consist of one to three cells. Kruch 
states that Cercosptro dadonporiohh'H is often present along with 
this disease of the olive, and may take some part in causing it. 

Feglion states that this or an allieil species occurs on leaves 
of Quernis Ilc.i. 


±. Std>»ert. Macronemeae. 

Passalora. 

Conidia oblong or spindle-shaped, two-celled, and borne on the 
apex of greenish pluriseptate conidiophores, arising from an 
olive-green mycelium. 

Passalora bacilligera M. et Fr. occurs on living leaves of 
Almis glutiiwsa. (Britain.) 

P. microsperma Fuck. This frequently covers the whole 
lower surface of the leaves of Ahws inmtui with little tufts of 


' Kruch, Bvllelin hoc. hot. ilaf., 1892. 

Boyer, Jiecherchefi mr len maladus de VOlivivr, Montpellier, 1892, 
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brown septate conidiophores, bearing long, two-celled, obovate 
conidia. " 


Fusicladium. 

Mycelium greenish and sparingly septate. Conidiophores in 
tufts, short, erect, and bearing terminal conidia. Conidia ovoid 
or clavate, and one or two-celled. 

The species are conidial forms of Venturia^ and have already 
been considered. Some of the better-known forms are : 

Fusicladium dendriticum Wallr. (Britain and U.S. America). 
This attacks the leaves, shoots, and fruits of the apple (see p. 218). 



Fifl. S'12 —Vent in itt (Fii$iduilium) dendiitieuni forming brown spots on in 
apple those still in the earlier stages have a radiate margin and laiar conidia 
Tne enlarged scttion shows two rows of large celled parenchjma of the apple, 
covered bv a stroma c>f pseudoparenchj m.i bearing conidiophores and comdu 
(v. Tubeuf del ) 

F. pirinum (Lib.) (U.S. America). This is a cause of 
“ spotting ” on leaves and fruits of the pear, also of species of 
Crataegus and Amclanch^er. The conidial patclies are brownish 
in colour. Peglion states that this parasite forms sclerotia in 
the bark of twigs. It is probably a conidial form of Vmturm 
dUricha mr. i)ijn. 

F. cerasi (llabh.) attacks the cherry orchards with such 
virulence that the crop may be rendered quite unsaleable. 

F. eriobotryae Cav.^ Cavara states that this attacks the 

^Cavara, Riw(a di Patologia Vegdale 1892. 
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leaves of Mespilus {Eridbotrya) japonim causing them to become 
spotted and to wither. The hyphae live in the epidermis, 
and form a stroma .from which conidia are given off. 

F. tremalae Frank. Frank ^ gives this as the cause of a 
disease of the aspen (P(^ulus tremula). The leaves turn 
brown and fall, the shoots in consequence soon drying up. 
Conidia are developed on the surface of dead leaves and ger- 
minate on living leaves of aspen, producing a germ-tube which, 
after forming an adhesion-disc, penetrates into the cavity of 
the epidermal cells. 

F. depressum B. et Br. is found on living leaves of Angelica sylvestris. 
{Britain and U.S. America.) 

F. praecox Rabh. On living leaves of Tragopogon orientaHs 

F, sorghi Pass. On living leaves of Sorghum halepeme. 

The following are North American species : 

F. caryogenura Ell. et Langl. On leaves of Carya olivaeformis. 

F. effusuffl Wint. On leaves of Carpimis americana. 

F. destruens Peck. On living A vena mtiva. 

F. fasciculatum C. et E. On leaves and stems of Euphorbia, 


Scolecotrichum. 

Mycelium greenish. Conidia oblong or oval, produced both 
terminally and laterally on the conidiopliores. 

Scolecotrichum melophthorum (Prill, et Del.).- This pro- 
duces a melon disease in France known by the name “Nuile.” 
It consists in the fruits and stems becoming spotted, the tissue 
being completely destroyed. 

Sc. graminis Fuck. Occurs on grasses, especially on the oat. 
Pammel* reports it as also injurious on barley during 1891, 
in some parts of the United States; the diseased leaves were 
marked with brown or purplish brown spots. 

Sc. fraxini Pass. On living leaves of Frcunmis c-ncdsior 
and F. Ornm. 

Cladosporium. 

Mycelium greenish. Conidia globose or ovoid, one to four- 
celled, and of variable form. The species are mostly sapro- 
phytes on substrata of all kinds. 

^ Ber. d. deutnch. hotan. 1883, p. 29. 

^Bulletin de la ^>or. mycolog. de Fjraiice, 1891. 

'^Journal of Mycology, vii., p. 96. 
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Oladosporium herbarum (Pers.). This species is found every- 
where on dead plant remains, but it is also common on living 
leaves of many plants. The first suggestion that this form 
might occur as a parasite came from Hab6rlandt^ and Frank.'^ 
It possesses a dirty-grey, thick, septate mycelium, which may 
be colourless when young or growing inside a substfatum ; it 
applies itself closely to the surface of plants and even pene- 
trates through the stomata or cell-walls into the tissues. The 
conidiophores are erect, otherwise variable in form ; they give 
off conidia from the apex or from lateral processes. The 
conidia are oval and contain a variable number of cells. Organs 
of plants attacked show grey spots, and withered parts if they 
are still alive. 

The following are some of the papers describing Cladosporium 
herbarum 'as, in certain circumstances, a parasite. Prillieux and 
Delacroix,^ on apple-trees and raspberry-bushes; Cavara,'^ on 
raspberry, cycads, agave, and other plants; Sorauer,^ on peas. 
Lopriore" describes this fungus as the cause of a “black’" 
disease on ears of wheat; the results of infection were however 
somewhat variable. 

Ritzema Bos reports it as producing disease, and in some 
cases death, in fields of oats. Kosmahl and Nobbe^ found 
that seedlings of Fmus rigida blackened and died suddenly in 
the beginning of May, apparently from the attacks of this 
fungus. Janczewski” states that this Cladosporium is a conidial 
fonu of Sjihaerella Tulasiici, a new species of Ascomycete 
established by him.® 

Cl. elegans Benz. This causes on the orange a disease or 
“scab,” which has been injurious both in Southern Europe and 
the Southern States of America.® It attacks chiefly wild orange 

^ FruhUng\ landvnrth. Zeitung, 1878. 

® Die Krankheiten der Pfianzen, 2nd Edit., 1896, ll. , p. 292. 

'^Bulltiin de la soc. mycolog. de France^ vii. 

Rerue mycologique, 1891. 

^ Handbuch d. PJlanzeiikrankhiiten, 1886. 

^ Berichte d. deutsch. hotan. Gesdl, 1892; Landicirfh. Jahrhuch, 1894. 

Extraits du Bvlktiu de VAcademie des aci. de Cracovie, 1892, 1893, 1894. 

8 Schostakowitsch [Flora, 1895 (ergzbd.) distinguishes Cladosporium from other 
genera. 

« Scribner, Bulletin of Torrty Club, xiii., 1886, p. 181. Underwood, Journal of 
Mycology, vii., p. 34. Swingle and Webber, “Diseases of C|trous Fruits,” 
U.S.A, Dept, of Agriculture Bulletin 8, 1896. 
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trees, more rarely the sweet orange and lemon. The disease 
first appears as whitish or cream-coloured spots on leaves, young 
twigs, or frui|;. If the spots are numerous the leaves become 
badly curled or twisted, and covered with wart-like eruptions. 

01. viticolum Ces. is regarded as a dangerous parasite of the 
vine. 

01. carpophilum Thiim. This species has been found para- 
sitic on plum and peach in the United States. Its mycelium 
creeps over the surface of leaves and fruit, causing pale-coloured 
spots which extend and run together, spoiling the appearance 
of the fruit. The disease as yet does not appear to have a very 
wide distribution, nor is it directly very injurious, but as 
cracking of the ripe fruit occurs when it is present, the way is 
opened for entrance of fruit-destroying fungi. 

01. condylonema Pass, also occurs on leaves of the plum. 
It causes leaf-spot and leaf-curl. The mature conidia have 
fine spines on their coat. 

01. fiilvum Cooke, (Britain and U.S. America.) This is the 
cause of a disease of tomato. It attacks leaves and shoots of 
plants cultivated indoors, and soon causes their death. Prillieux 
and Delacroix^ have described a somewhat similar disease in 
France, found, from artificial infection, to be produced by some 
species of Cladosporiim, but whether this particular species, 
they did not state. 

OL cucumerinum Ell. et Arth.- causes a disease of cucumber 
Frank® describes a disease which he found to be due to a 
Cladosporium {Gl. citcumcris n. sp.). This attacked the fruit of 
both cucumbers and melons in cultivation under glass at Berlin, 
and caused great damage; brown rotten depressions appeared 
on the fruits, and thereon the tufts of conidiophores. 

01. macrocarpum Preus. causes a “ scab ” disease of spinach in 
the United States (A!/. Agric. Exper. Station Bulletin, 70, 1890). 

Other species that may be parasitic are : 

Cl. pisi Cug. et Macc. On living pods of Pimm sativum in Italy. 

Cl. epiphyllum Mart. On leaves of Quercus, Platanm, Populus, Hedera^ 
etc. (Britain and U.S. America) 

Cl. juglaad&um Cooke. On leaves of the walnut. (Britain.) 

’ Bulletin de la aoc. myedwj. de France, 1891. 

® Description in Mass. Agric. Exper. Station Report, 1892. 

Zeitschrift f. PjlanMnkrankheiten, in., 1893. 
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Cl. Scribnerianum Cav, On leaves of Betula populifolia iii America 
and Italy. 

Cl. h3rpophyUuin Fuck. On leaves of Ulmus campestru. 

Cl. tuberuin Cooke. In the tubers of Batatas edulis in Carolina, U.S.A. 

3. Sect. Phragmo&i’orae. 

1. Suhsect. MicroTvemeae. 

Clasterosporium. 

Conidia brownish, cylindrical or spindle-shaped, and consisting 
of three or four cells. 

Clasterosporium amygdalearum (Pass.) attacks the leaves of 
almond, peach, apricot, cherry, and plum. An intercellular 
mycelium has been found, and roundish dry spots with reddish 
margins are formed. Thereon tufts of short conidiophores are 
developed, bearing cylindrical, thick-walled, pluricellular conidia. 

01. glomerulosum Sacc. {Sjioridcsmium glom. Sacc., 1878, and 
Pleospora conghitinatci Goebel, 1879). GoebeP first described 
this species as a parasite on Jumpe^'us communis. A colourless 
intercellular mycelium is present, and in consequence the 
needles turn brown, die, and fall off 
prematurely. On the upper side of 
the needle the mycelium emerges 
through the stomata, and forms 
dark-grey coils from which the 
grey, ovoid, pluricellular conidia are 
given off. 

Oeratophorum. 

Conidia brownish, spindle-shaped 
or cylindrical, three or more celled, cvumi witf 

the upper cell with terminal afSdag^^ (Aite^KircC.)"^^^^ 
bristles. 

0. setosum Kirch. Bark spots occurring on the leaves, 
petioles, and shoots of young plants of Cytisus Lahvrnum, etc., 
were found to enlarge and bring about death and defoliation. 
Kirchner found the leaf-tissue permeated by a colourless septate 
mycelium, which gives off conidia on both sides of the leaf. 
The conidia resembled those of Pestalozzia, but their cell- number 

^ Wurtemhnrg naturioiss. Jakreshejle, 1879. 

Zeitschrift f, Pfiartzesikranhhtiten, 1892, p. 324. 
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was variable, and the terminal ceils, although lighter than the 
median, were not quite hyaline. The terminal cell bore several 
vet/ long brjlatles. 

0. uhaicoltan E. et K. On living leaves of Ulrrm fulva in 
America. 

Hslminthosporium. 

Conidia brown, cylindrical or spindle-shaped, and pluricellular. 
Mycelium well-developed and brownish. 

“Distinguished from Cladosporium by the conidia being more 
than one-septate at maturity” (Massee). 

Helminthosporium gramineum (Babenh.)^ This causes a 
disease on barley, both in Europe and the United States ; as yet, 
however, it is not very common. It attacks generally the lower 
leaves, producing long, narrow, dark-brown spots with yellow 
margins. The leaves so attacked gradually wither, but do not 
prejudice the yield of grain seriously. On the spots are 
developed the black septate conidiophores, each with a large 
black conidium with from two to eight cross-septa. 

H. turcicum Pass, causes long spots on the leaves of Zea mms 
both in Italy and America. The spots are yellow with indistinct 
dark margins, and from them arise patches of grey septate 
conidiophores. The conidia resemble those of the species last 
described, so that some authorities regard the two forms as one. 
Briosi and Cavara describe the mycelium as consisting of 
branched septate hyphae, the cells of which frequently become 
irregularly swollen. The young Indian com leaves are killed, 
and the crop may, in consequence, be seriously injured. 

H. teres Sacc. This is a form of H. gramineum which 
Briosi and Cavara distinguish as occurring on oats. Infection 
takes place at the apex of the leaves, and the mycelium spreads 
through the parenchyma causing elongated dry spots, so that 
the leaf ultimately dries up and dies. The conidiophores are 
developed singly, not in tufts, and the conidia are smaller than 
those of H. gramineum. The conidia are greenish, thick- walled, 
pluricellular, and produced terminally. 

H. gracile (Walk.) causes long marginate spots on the leaves 
of Iris germanicoL 

1 Eriksson, xxix., 1887. "Kitchnet, Zcitschrift f. PJlanzen- 

krankheiteniy i., 1891, p. 24, 
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Oercospora. 

Oonidia elongated and slender, olive-green, and septate. My- 
celium greenish, 

“ Distinguished by the vermiform septate conidia ” (Massee) 
Oe]*cospora circumscissa Sacc ' This is a parasite which 
occurs on cultivated almond, peach, and nectarine, as well as 
on wild Pruniis serotina in the United States The leaves are 
attacked while still young, and exhibit by reflected light a 
yellowish spot with a dark centre The conidia anse on the 
spots as dark-green clusters, thereafter the diseased tissue shrinks, 
becomes detached, and falls out, leaving ‘‘ shot-holes ” not 
Unlike those produced by species of Phyllosticta Defoliation 
may occur in severe cases of attack As a result of the 
injury to the foliage, tlu new wood does not mature well, 
and second growth may take place during the same season , 
shoots of this kind will probably dry up during winter The 
fungus may also directly kill the tissue of twigs as far as the 
cambium The fruit is never attacked directly, but may be 
seriously affected through the in]ury to leaves or twigs 

In order to minimize the disease, it is recommended to burn 
all fallen foliage, and to turn the earth thoroughly below mfected 
trees Pierce obtained a crown of very healthy foliage on almond 
trees tieated with (1) ammoniacal solution of copper carbonate, 
and (2) modified eau celeste 

0. persicae Sacc On leases of peach (US America.) 

0. acerina Hartig- appears on brown spots on the cotyledons, 
young lea\es, and stalks of joung plants of Acer The conidia 
aie grey, pluricellular, and slightly curved (Fig 314) The 
mycelium inhabits the intercellular spaces of the parts attacked, 
and forms resting sclerotia m the tissues of dead leaves 

0 viticola (Ces ) ® This fungus is found m Europe and the 
United States on Vitis vimfcra and V. Lahrvsca. It causes 
spots on the leaves, and from these arise close columns of 
septate conidiophores which give off thick pluricellular conidia 
C beticola Sacc'* inflicts considerable iniury on cultivated 

^ Pierce, Journal of Mycoloqy, mi , p 66 and p 232 

Hartig, Untei swhungm am d fotsthotan Inshtut, i, Munich 

* Description and treatment in New TotL Agrtc Exper Statton Report for 
1890, p 324 

^Thumen, Die Bekampfunq d Pilzhraulheikn unseiei Kvlturqewadm, 1886 

2k 
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sugar beet and beet-root. It is easily recognized by the 
numerous sharply defined spots produced on the leaves. The 
conidia are very long and pluriseptate. In the United States 
this is one of the most serious of beet diseases.^ As preventive 
treatment, great care should be taken to destroy all infected 
material. A long rotation should also prove a good remedy. 



Pifl 814 —CoiMpoiu atiii/in 2, Seedling of Acn, with a cotyledon brown and 
withered, and a 1^ partially no 4, Section through a diseased cotyledon , the 
conidiophores (d) emerge from the epidermis, and bear long tapering septate 
conidia, i, sclerotia formed inside the diseased tiBsiies for hibernation Gor 
minating conidia (After R Hartig ) 

C. apii Fres. Common on celery {Apium gmveolens) and par- 
snips sativa) throughout all Europe and North America. 

It causes leaf-spots at first yellowish then enlarging and turn- 
ing brown. The mycelium grows in the intercellular spaces of 
the leaf, and gives off tufts of conidiophores through the 
stomata. The conidia are long, tapering, obclavate bodies with 
an attachment-scar at their larger end.^ 

0. asparagi Sacc. occurs on asparagus in Italy ; 0. caulicola 
Wint. frequents the same host in America. 

0. Bloxami B, et Br. On Brasska in Britain. 

0. armoraciae Sacc. On horse-radish. 

^Pammei. loun Agric. Exper. Station Bidletin, 15. 1891. 

* Description in New Jersey Agrtc. Eoeper. Station Bulktin 2, 1891. 
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0. resedaie Fuck^ This fungus is the cause of a garden 
mignonette disease very common in Amenca and Europe. It 
causes little depressed spots with brownish or yellowish borders, 
which begin as reddish discolorations of the leaf The leaves 
gradually wither and dry up, so that the flowers suffer. The 
mycelium grows inside the leaves, and gives ofl tufts of conidio- 
phores through the stomata The conidia are elongated, septate, 
and spmdle-like or club-shaped Spraying with Bordeaux 
mixture was found to give good results 

0 cheiranthi Sacc produces roundish leaf-spots on wall* 
flower, and, if severe, causes death of the leaves and premature 
defoliation of the plants 

0 rosaecola Pass This causes leaf-spot on cultivated and 
wild roses in the United States The first indication of disease 
is the appearance of black spots with reddish margins The 
conidiophores emerge from the stomata in tufts, and carry long 
obclavate conidia 

0 angulata Wmt is one of the causes of leaf spot on 
cunant, and occurs often in company with S(ptoria rd>^s (U S 
America ) 

C violae Sacc occuis ou leaxcs of \iol(t odotata 
C malvarum Sacc On species of Malva 
C althaeina Sacc On liolhhock in tlie United States 
C nenella Sacc causes loaf spot ou Aenmn OUandei 
C Bolleana (Thuni ) pioduces olive bum n spots on leaves and fruits 
of the Fig, injuring the ciop 

C cappandis Sacc On Coppans spino’^a in Italj 
C gossypina C octke is given l»v Atkinson as a fungus frequently present 
on diseased plants of cotton ^ 

Saccardci recoids ovei 230 sj)ecies of Cexospoia, most of which cause 
spotting of In ing oi fading leav es of many plants, e g Phascohis, Lupimi^y 
Tnfolium^ T ?cja, Gleditwha, Soluniini niguiiriy Datura, Ricin.'us, Ampelopsu, 
Liriodendron, Tilia, Rosa, Potentdla, Rithus, Cydonia, Ptelea, Rhamnus, 
Euonymus, AxlaiUkus, Rhus, Sambucus, Viburnum, Olea, byringa. Moms, 
Fravxnus, Coffea, Ligustium, Mexunahs, etc 


Heterosponum 

Conidiophores simple or branched Conidia olive, oblong, 
pluriseptate, and with a spiny or wart} outer coat 

^ Fairchild in Rejtort of Section of Vegetable Pathology for 1889, U S Dept 
of Agriculture 

^Botanical Gazette, 1891, p 61 
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“Resembling Helmintho^orixinn in general habit and structure, 
in fact only distinguished by the minutely warted conidia*' 

Heterosporium echinulatum (Berk.).^ (Britain and U.S. 
America.) The “fairy ring spot” of Carnations. This is a 
serious enemy of cultivated carnations, and causes great damage. 
It was first described by Berkeley in 1870 as a carnation pest. 
The symptoms are light-coloured spots on which are concentric 
rings of dark-coloured conidiophores. These arise from dark- 
coloured portions of the mycelium inside the leaf and give otf 
conidia with three or more cells. The conidia are at first 
terminal, but after one has been formed the conidiophore 
branches laterally and produces another conidium, repeating this 
process for a considerable time. The spots are produced on 
leaves, leaf-stalks, and sepals, causing them to wither. In 
consequence the flowers do not unfold and the plants are 
rendered unsightly. 

Cultivation of the carnation in dry airy conditions is said 
to keep this disease in check. 

The following are British species occurring generally on 
fading leaves : 

H. variabile Cooke. On spinach. 

H. ornithogali Klotz.sch. On Ornitkogalum, Convallaria^ and other 
species of Liliaceae. 

H. tTpharum (J. et M. On Typha angugtifolia. 

H. laricis C. et M. On larch needles. 

H. asperatum Massee.*'* Occurs as a parasite on S'lnilacina stellata. 


Napicladium. 

Conidia oblong, three or more celled, and produced singly 
on the end of short conidiophores. 

“ Somewhat resembling Helwinthosporium and Brachysporitim, 
but distinguished by the less rigid fertile hyphae and the 
large solitary conidia ” (Massee). 

Napicladium (Helminthosporium) arundinaceum (Cord.). 
(Britain.) This lives parasitic on the leaves of Phragmites 
communis, and spreads rapidly from plant to plant. The leaves 


^ Worth. G. Smith, Gardener's Chronicle, xxvi., 1886, p. 244. 

Atkinson, ” Carnation Dineanes” at American Carnation Society, 189.S. 
^Masses, American Journal of Microscopy, February, 1893. 
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become coated with conidia and assume a leaden grey colour, 
so that in many cases only the points remain green. Finally 
the attacked leaves die and dry up. 


4. Sect. Dictyosporak, 

1. Subsect. Micronemeae. 

The forms included under genera of this group (e.g. Sporo- 
dcsmium and Coniothfcium) have as yet been little investigated 
in regard to their parasitic nature. 


2. Sahsect. Macronemeae. 

Macrosporium. 

Conidia grey, muriform, and borne on the apex of simple or 
Ijranched conidiophores. 

Macrosporium sarcinaeforme Cav.^ Cavara describes a 
browning and* death of a whole held of red clover {Trifohum 
pmUnae), and ascribes it to this fungus. Minute spots were 
produced, at first light-coloured, then brown, finally coalescing 
so as to cause drying-up of the whole leaf. The short thick 
conidiophores were developed on the lower surface of the leaf, 
and gave off pluricelluhir terminal conidia. 

M. solan! Ell. et Mart. This is described as occurring along 
with the “ black -rot ” of the tomato in the United States. It is 
said to cause a rot in the fruit and a leaf-blight on both tomato 
and potato. Along with this species there also occur a Fimrium 
(p. 520) and frec^uently a (l(uh)sporium\ as yet the relationships 
of tlie different forms, and the part they take in causing the 
diseases ascribed to them, is but imperfectly investigated. 

Sorauer'^ ascribes a disease on the potato in Germany to this 
species or to an AlUrmwia {A. sofani). He also believes that 
it is the cause of the “ early blight ” of American potato crops, 
but further investigation is still required. 

Many other species of MacronpoHim have been described on 
plants of economic importance, yet most of them occur only on 
parts somewhat faded or languid, so that they cannot be regarded 

^Briosi and Cavara, Fun<jhi parastf., v. 

Report of the Section of Ve<jetahle Pathology for 1888, U.S. Department of 
Agriculture. 

^ Zeitsrhrijt f. Pjlanxenkranhheiten, 1896, p. 1. 
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as important parasites. Amongst these are the following British 
and North ..American species: 

M. brassicae Berk. On cabbage, generally somewhat decayed. 

M. sarcinula Berk. On cucumber. 

M. nobile Vize. On Dianthm. 

M. ailiorum Cke. et Mass. On onion. 

M. ramulosum Sacc. On celery 

M. catalpae Ell. et Mart. On Caialpa Bignonioides. 

M. nigricantium Atks. is a semi -parasite accompanying other diseases 
of the cotton plant. 

Mystrosporium. 

“Allied to Macrosporium, but distinguished by the more rigid 
and darker-coloured hyphae and conidia” (Massee). 

Mystrosporium abrodens Neumann.^ This is described as 
the cause of a disease which destroyed one-tenth of the total 
wheat-crop in the Haute- Garonne of France. The fungus 
attacked the nodes and leaves, forming dark patches ; the nodes 
wer*e weakened and frequently broke over, while the ears were 
badly developed. 

Altemaria. 

Conidia grey, rnuriform-septate, flask-shaped, and borne on 
short simple conidiophores. 

“Distinguished by the clavate or flask-shaped muriformly 
septate olive conidia being united in chains and connected 
by narrow isthmus-like portions ” (Massee). 

Altemaria brassicae (Berk.) (Britain). This species causes 
on leaves roundish black spots marked with concentric blown 
zones. The mycelium lives in the leaf-parenchyma and gives 
off tufts of conidiophores through the stomata. Briosi and 
Cavara state that it causes considerable damage to Brassica 
oleracea, Cochlearia officinalis, and Amwracia. (Probably the 
same species as Polydcsmus eadtioms Kuhn.) 

Other diseases have been ascribed to species of Altemaria. 

Septosporium. 

Conidia brown, and rnuriform-septate. Conidiophores of two 
kinds — short and fertile, or elongated and sterile. 

Septosporium heterosporum £11. et Gall, causes a leaf- 

^ “Un nouveau parasite de ble.” SodiU dt Bidog. d Toidouae, 1892, 
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spot on Vitu calif ornica in California. The leaves become 
quite black on the lower surface, brown on the upper. The 
fungus has not as yet been reported on cultivated vines. 

Fumago. 

Conidia grey and two- or three-celled. 

The species belong to Capnodiam (see p. 181). 


3 . FAM. STILBEAE. 

1. Ser. Hyalostilbeae. 

Sert. Amerosporae. 

Stysanus. 

Conidia pale-coloured, more or less spherical, and developed 
on a dark cylindrical or clavate erect stroma. 

Stysanus veronicae Pass.^ This produces irregular spots on 
the leaves of cultivated Veronica lompifolia in Italy, and causes 
the plant to wither. The columnar stromata are produced on 
the lower surface of the leaves, and give off unicellular conidia. 

St. ulmariae M‘W." On Spirea Ulmaria in Ireland. 

Isaria. 

Stroma erect, clavate, generally branched and bearing conidio- 
phores all over. The conidia are abjointed from the apex of 
the conidiophores, and are unicellular, hyaline, and rounded. 

Isaria fticiformis Berk.^ This disease, first observed in 
Australia, is described by Smith as occurring in England. It 
attacks grasses, especially Festuca^ during summer. The stems 
and ears are glued together by the fungus-stroma, and conidia 
are developed on all parts of the plants. 

2. Ser. Phaeostilbeae. 

Sect. Phragniosporae. 

Isariopsis. 

Conidia pale-coloured, cylindrical, and pluricellular. 

Isariopsis griseola Sacc.* produces spots on leaves of living 

^ Hedtoitjia, 1877, p- 12.S. 

**M‘Weeney, Irish Haturalisty 1895, p. 273. 

® Worth. G. Smith, Diseases of Fkld and Garden Crops, London, 1884, p. 55. 

*Brio 8 i and Cavara, Funghi jMrasif. 
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cultivated kidney^ bean. The mycelium lives in the leaf-tissueS 
and forms stromata under the stomata, from which the conidio- 
phores arise in tufts. The fungus often occurs along with 


Other* species of Isariopsis are recorded on the living leaves 
of various host-plants, e.g. Cerastium and Stellaria. 


4. FAM. TUBERCULARIEAE. 

Volutella. 

The conidial patch or sporodochium is disciform, regular, 
and fringed, or studded over with elongated spine-like hyphae. 
Conidiophores simple or branched, and bearing elliptical or 
oblong conidia. 

The majority of the species of Volutella frequent only dead 
plant remains. Atkinson,^ however, describes and figures a 
widespread carnation-disease in North America, which is ascribed 
to a species as yet unnamed. Fresh cuttings are most commonly 
attacked, and exhibit dirty brown depressed areas, which soon 
ruin the cutting for purposes of cultivation. 

Fusarium. 

Sporodochium more or less effused. Conidia spindle-shaped 
or sickle-like, pluricellular when mature. The conidiophores 
are branched, and give off the conidia from their apex. 

Fusarium heterosporium Nees. Frank ^ found a field of 
rye near Kiel completely destroyed, and the ears quite over- 
grown by this fungus. I have found it on ears of LuHum 
perenw and Molinia cocridea in Bavaria. 

Species of Fusarium have been frequently described as causing 
injury to cereal and grass-crops,® in some cases to a serious 
extent. 

While most of the species of Fusarium are found only on 
dead or dying plant-remains, a jjarasitic mode of life has been 
ascribed to some. 

Fusarium lycopersici Sacc.** The “Sleeping Disease” of 

Carnation Diseases'^ in Report of Amerioan Carnation Society, 1893. 

^Jahrhmh d. deutsch. landwirth. GeneU., 1892. 

■'Worth. G. Smith, Diseases of Crops, 1884, p. 208. 

Rostrup (Fusarium aveimceum on Oat) Landboskrfter, v., 1893. 

^Mossee, OardeneFs Chronicle, xvii., 1895, p. 707. (Edit.) 
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tbmatoes. This tomato disease has proved very destructive 
during recent years in Britain, particulaily in the Isle of 
Wight and the Channel Islands. Plants are attacked when 
quite young, but the disease seldom manifests itself outwardly 
till the plant is full grown The first symptom of* disease 
IS drooping of the leaves, with or without discoloration. At 
this stage the roots of attacked plants will be found to have a 
yellowish brown colour m the wood region The mycelium 
of this fungus will be found in the vessels and othei elements 
of the root They are believed to originate from restmg-spores 
which have hibernated in the soil and given off germ-tubes by 
which young rootlets were infected The mycelium makes its 
way up the tomato stem, discolouring the vascular bundles as it 
goes The conidia are produced on all diseased organs as a 
whitish bloom on the epidermis The earlier conidia {Dvplo- 
dndium) are oval and one- or two-celled, but they are soon 
replaced by pale orange crescent-shaped conidia of the true 
Fmarium tjpe The restmg-spores are produced on the hyphae 
in the tissues of the decaying host stem , after hibernation, they 
germinate and pioduce hyphae which give off’ the D'ip}oclad%um 
stage Massee found that only the germ-tubes from restmg- 
spores were able to infect tomato plants The same author 
does not consider fungicides of much a\ail on account of the 
disease beginning from the roots Careful removal and destruc- 
tion of all infected material, and a liberal application of lime 
to the soil are measures recommended 

Fus. limonis Bnosi (Fusi^pwKnn Imams Briosi) This is 
given by Bnosi as the cause of “ mal-di-gomma " of orange 
and lemon trees in Ital} and elsewhere , ^ Webber and Swingle ^ 
ascribe the disease of the oiaiige and lemon m Florida known 
as “ foot-rot ” to the same fungus In Florida the damage done 
IS great and iiiulIi more seiioiis than that caused by any other 
disease of the same plants It may be recognized b> the 
exudation of gum from patches near the base of the tree The 
patches enlarge and the disease spreads round the trunk and 
downwards into the loots, passing inwards from bark to cambium 
and wood, killing the tissues as it goes Other symptoms 

^ Bnosi, “Mai di gomma,” Mcnwria delict It, A<ctd dci Lincti, Ivoine, 1878, 

‘‘Webber and Swingle, “Diseases of citrous fruits in Floiida ” U S Amertca 
Dept of Agriculture finlhtm, No 8, 18% (Edit ) 
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are sparse foliage, small yellowish leaves, and death of the 
smaller branches over the tree. Sweet seedling orange (Citrus 
aurantium)' and lemon (C. limonum) are most subject to this 
malady, the grape-fruit (C. demmana) is only slightly liable, 
and the sour orange (C. higaradia) is almost wholly exempt. 
For this reason sour orange stocks should be used on lowlands 
and flatwoods, and grape-fruit stocks on the higher lands. The 
most effective treatment is to remove the soil around the crown 
roots by using a jet of water. Diseased bark should also be 
cut away and the wounds painted over with carbolic acid or 
sulphur wash. Good drainage to promote root aeration and 
the avoidance of excessive use of nitrogenous manures are also 
recommended. 

Fus. yasinfectnm Atks.^ A §pecies found by Atkinson to 
cause a cotton-disease known as “frenching.” This consists in 
a discoloration of the leaf from the margins inwards, at first 
pale or yellow, but turning to brown. A mycelium was found 
in the tissues of the stem, causing the vascular bundles to 
assume a light brown colour. The host-plants are either killed 
or so seriously affected that the crop is injured. The conidia 
formed are of the pleuriseptate slightly curved Fusarium type. 

Atkinson 2 in the course of his investigations on carnation 
diseases found a Fusarium present in all cases of the “ carnation 
rosette.” The stems remain short and stunted with their leaves 
small and crowded together. A mycelium was present in the 
tissues of the stem and caused discoloured spots. 


II. THE PATHOGENIC SLIME-FUNGI. 

MYXOMYCETES. 

The Myxomycetes^ rank amongst the lowest of plant-forms. 
They show so close relationship to the lowest animals that 
certain groups (MomdiTia) receive greater consideration from 
ttie zoologist than from the botanist. They exhibit in their 

^Atkinaon, “Cotton Diseaseei,’' Alabama Agrk. Exper. Station Bulletin, No. 
41, 1892. (Edit.) 

0q,mation Diseases'* at American Carnation Society, 1893. 

’I^e more important literature dealing with this family will be found in ; 
De fiary, Morphology and Biology of the, Fungi (English Edition) ; Lister, The 
Mycetozoa, London, 1896 ; Zopf in Schenk’s Handbuch der Botanik, iii., 1887 ; 
Scnroeter, “ Myxomycetes " «in Die iMtUrlich. Pfkvnzenfamilien, i., 1892. 
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mode of reproduction a close resemblance to the Fungi, and as 
a result of their lack of chlorophyll, they share with Bac- 
teria and Fungi the peculiarities of saprophytic and parasitic 
nutrition. 

The vegetative body of the Slime-fungi consists of naked 
protoplasm without a firm membrane. Multiplication is effected 
chiefly by spherical spores with the same external appearance 
as the usual fungus-spore. Immediately on reaching maturity 
the spores germinate in water and burst, setting free a mass of 
plasma provided with a nucleus and vacuoles, and in which an 
outer movable hyaloplasma can be distinguished from an enclosed 
granular plasma. The hyaloplasma gives off delicate pseudopodia 
capable of extension and retraction, it may also take the form 
of a flagellum or of cilia. The organism is enabled by means 
of the pseudopodia to creep over firm objects as an “ amoeba ” ; 
by the cilia it can propel itself through water, as a “ swarmer ” 
or “zoospore.” A zoospore in the course of its development 
generally loses its cilia and becomes an amoeba, and both 
forms can multiply by division. The amoebae creep together 
in large numbers, and either coalesce completely into masses, 
or remain simply in contact as aggregations. In this way 
plasmodia are formed, frequently of considerable size and of 
conspicuous colour. The plasmodia maintain a constant move- 
ment, both as a whole and in the form of internal streamings. 
Besting stages have been observed at each motile stage of 
the life-history; thus swarm-spores rest as microcysts, young 
plasmodia as thick-walled cysts, and mature plasmodia as multi- 
cellular sclerotia. 

Multiplication of the 'Myxomycetes also takes place by spore- 
formation. In the Acrasieae and Phytomyxinae the spores are 
developed freely from the plasma. The Exosporeae, a very 
small division, have their spores developed on the outside 
of sporophores. In the greater number (Endosporeae) the 
spores are formed in special enclosures, which may be a spor- 
angium produced from a single plasmodium, or an aethalium — a 
cushion-like structure consisting of numerous imperfectly defined 
sporangia. The sporangia are often of considerable size, ^some- 
times not unlike the sporocarps of the Gasteromycetes, spherical 
or pear-shaped and stalked. Sporangia of this highly developed 
kind may even exhibit a certain differentiation into a wall or 
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rind of compact plasma enclosing the spores, and frequently a 
supporting skeleton or capillitium is present consisting of 
numerous filaments of hardened plasma. 

Schroeter divides the Myxomycetes into three divisions, the 
Acrasiea^ Phytomyxinae, and Myxogasteres (including the Exos- 
poreae and Endosporeae). Parasitic forms occur only in the 
second, of these groups. If, however, all the forms included 
by Zopf in his group of Mycetozoa be taken into account 
many of them will be found to act as parasites and to cause 
frequent epidemics amongst algae and lower fungi. 

We shall here consider only the genera Plasmodiophora, 
Tetramym, alid Sorosphaera. The genus Pkytomyxa of Schroeter, 
containing those micro-organisms which cause the root-tubercles 
of Leguniinosae, has already been considered in our general 
part (see p. 101). 


Plasmodiophora. 

Spores spherical and developed inside the host-cells. This 
genus causes diseases of considerable economic importance. 

Plasmodiophora brassicae Wor.^ This species attacks all 
kinds of cabbage, kale, turnip, kohl rabi, and other varieties of 
Brasma Rapa, B. Napm, B. olcracea, and otlier edible Cruciferae; 
also other plants from the same order, such as Ibcris umhellata, 
Capsella bursa-pastoris, Mathiola incami, etc. 

The symptoms of the disease* are manifold swelling, out- 
growth, and branching of the roots at all stages of growth, 
with a more or less marked stunting of the foliage, according 
to the season of attack (Fig. 315). The forms assumed by 
deformed roots are very variable and have gained the disease 
many designations. In Britain it is known as “ finger and 
toe disease,” “ club-root,” “ clubbing,” and “ anbury ” ; in Bel- 
gium as “maladie digitoire ” or “ Vingerziekte ” ; in Germany 
as “Kropf” or “ Kohlhernie.” 

The disease was first recorded in Scotland about 1789, but 
now it has a very wide distribution, appearing in all places 
where cabbage, turnips, and allied vegetables are cultivated on 
a large scale. The roots after swelling become rotten and 

^Woronin, Pringsheini’a Jahrbttch, xi., 1878, p. 548. ^cleshymer (Joumal 
of Mycology, vii., p. 79) gives a good account of its distribution in America. 
Massee, Tramactmis of Royal Society of London, lvii., 1895. 
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decay, so that not only is the root itself worthless, bnt the 
aerial shoot is badly developed. The destruction is greatly 
favoured by moist rainy years. 

The malformations of the root are the result of hypertrophy 
of the host-cells due to a stimulus exerted by the plasmodium 
of Plasmodiophora, not only on the contents of cells inhabited 
by it, but also extending into the cells of the whole neigh- 
bouring tissue. The cells so influenced enlarge in size and 



Fic. 315 —Plasmodio’pkota hitmuae Effects on Turmps grown in Scotland 
(v Tubeuf phot ) 


become divided up by new cell-walls. The plasmodium makes 
its way from cell to cell by means of the wall-pits, and 
by absorbing the contents it grows and falls the whole cell 
On exhaustion of food, and without previous enclosure in a 
membrane, the plasmodium forms itself into spores, so that the 
tissues of attacked roots become completely tilled with thick- 
walled spores, which are set free only after decay of the 
surrounding tissues and cell-membranes. The spores hibernate, 
and in spring myxainoebae slip out, capable of infecting 
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young roots of newly germinated cabbage, turnips, etc. They 
do this by penetrating the cell-wall, probably that of a hair 
to begin with, and the malformation ensues. The myxamoebae 
possess a flagellum and pseudopodia, so that they are fitted for 



Fig 816 —Plamodio-phora btaxHiuu Effects on Turnip grown in Russia 
(After Worouin ) 


different modes of locomotion. When entrance into a host-cell 
has been effected, a plasmodium is formed and growth proceeds 
as just described. 

Wakker^ describes, an enlargement of the attacked cells 
and an irregular growth of the roots, associated with a rudi- 
^ Pringskeim^s Jahrbuch, 1892, 
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mentary condition and twisted course of the vessels, and an 
accumulation of transitory starch in the tissues. 

[The methods at our disposal for combating this parasite all 
work indirectly. Its spores seem to retain their vitality for two, 
three, or more years, hence one very evident measure is not to 
plant the same crop in succession on land which has been attacked. 
As, however, all Cruciferae are liable to injury from this source. 



neither would it be advisable to let say, turnips follow 
cabbage or kohl rabi on infected land. For the same reason 
weeds belonging to the order Cruciferae should not be allowed 
to obtain a footing near land where plants liable to finger and 
toe ” are under cultivation. In Scotland, where turnips are 
necessary in all crop-rotations, a four-year rotation does not 
give complete exemption from this disease, nor is five years 
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quite a safe interval, but seven years is, and with 
good jnanagement the disease, though by no means uncommon, 
unljr then attains serious dimensions in moist seasons. 'Masses 
points out that the development of the fung#B is favoured by 
acids and checked by alkalis; this explains the well-known 
beneficial effects of dressings of lime or potash in keeping the 
disease in check. With a six or seven-year rotation, and the 
a|q)rication of lime once in the rotation, the disease should 



Fio S18 —Hypertrophied cells from a CabbaRe-root attacked by Plamodinphm a 
b/angtcae. Several of the cells are filled with 8port« (v Tubeuf del ) 

never be very injurious. The direct application of farmyard 
manure to the turnip crop should also be avoided, especially 
if the stock which made the manure was fed on diseased turnips ; 
this is necessar*- because it has been found that the spores are 
not killed wh^a eaten by animals.] (Edit.) 

Plasmodiophora vitis Viala et Sauv.^ This is said to 
cause a Vine disease known as “ Brunissure,” which within 
recent years has caused considerable loss in France, North 
America, and Southern liussia.^ The early symptoms are light- 
brown star-shaped spots on the upper surface of the leaves 
between the ribs. The spots enlarge and cause a premature fall 
of the leaf, whereby the grapes are prevented from maturing. 

^ Viala et Saavageau, Compt. rend., cxiv., 1892. 

2 Cooke (Oard^ner’s Chronicle, 1893) refers swellings found by him on root^ of 
the vine in England to the action of this fungus. (Edit.) 
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The above-named investigators found plasmodia in various stages 
of development in the palisade cells, and later in the spongy 
parenchyma of diseased leaves. On treatment with “ eau de 
javelle ” the plalWtiodia remained visible, whereas the contents 
of healthy cells disappeared. Spore-formation has not. as yet 
been observed. The same parasite has been seen ii^ vines in 
the Ehine district. 

Recently Debray and Brive^ have, in consequence of their 
researches on Brunissure, removed the fungus from the genus 
PlasTiiodiophora, and founded for it a new group Fseudocowmis, 
with a position near Vampyrella and Myxomycetes. This same 
fungus they also found in a large number of plants from thirty 
different natural -orders. 

Plasmodiophora californica Viala et Sauv.^ is another vine 
parasite which causes greater damage than the preceding species. 
Reddish leaf-spots are produced, and extend so rapidly that thp 
leaves may drop early in spring. The parasite also affects the 
*aJY)Ot8 to such a degree that an abnormal number of shortened 
inches are developed, the wood of which exhibits brown 
stripes in autumn. 

It has not as yet been quite proved that the plasma observed 
in withered vine leaves really consists o^ plasmodia of the 
above two species of Plasmodiophora, nor have spores been 
found. The true cause of the diseases has probably still to be 
explained. 

In cases of root-deformation in pear, Muller-Thurgau® observed 
a slime-fungus in cells of the root-parenchyma. 

Tetramyxa. 

Spores united four together as tetrads and enclosed in a 
delicate membrane. 

Tetramyxa parasitica Goeb.^ First found by Goebel in 
ditches of marshy meadows, causing tuberous balls of a whitish- 
green to brown colour on leaves, flowers, and stalks of JLuppia 
Tostellata. Sections of the swellings showed the parenchyma 
to be divisible into a dark brown central part consisting of 

^C(mpt, rmdu,, oxx., 1895; and “La Bninimire,'' Jievuede Viticulture, 1896. 

^C<mpt, rend., cxv., 1892, p. 67. 

^ Jahreahericht d. Vera.-Stat. Wddemiveii, ii. 

* Goebel. Flora, 1884. Identified in Scotland by Prof. Trail. 

•2l 
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killed cells, and a lighter coloured peripheral part, The ^lls 
of young tubercles contain multinuclear plasmodia, which at the 
time of spore-formation break up into portions round each 
nucleus (spore-mother cells). These portions then divide into 
four spores, each with a nucleus. The spores remain enclosed 
in a delicate membrane as spore-tetrads, the characteristic feature 
of this species. The upper part of leaves containing galls 
frequently died. 

Sorosphaera. 

Spores enclosed in large numbers in a delicate membrane, 
and forming a single layer round a central cavity. 

Sorosphaera veronicae Schroet.^ causes quill-like outgrowths 
and malformations in the stems and leaf-petioles of species of 
Veronica ( V. hedcrifolia, V. triphylla, V. charmedrys). The galls 
consist of enlarged parenchymatous cells containing numerous 
spherical or elliptical light-brown balls about 15 or 2 2 /a broad. 
The balls are enclosed in very delicate membranes, aud consist 
of a single layer of spores surrounding a small cavity. The iur 
dividual spores are elliptical or oblong in shape, about 8-9/x 
long and 4-4’Oyu broad. 


Ill, THE PATHOGENIC BACTERIA. 

SCHIZOMYCETES. 

Although the bacteria and allied forms included in this 
group are the cause of many diseases of mankind and of 
warm-blooded animals, yet very few diseases of plants are 
ascribed to their agency. ' The true Fungi, on the other hand, 
which we have seen to cause so many diseases amongst plants, 
only very rarely appear as enemies of the higher animals. The 
few cases in which bacteria have been stated to cause injury 
to plants are all as yet incompletely investigated and uncertain 
in two respects. Thus although a plant-disease undoubtedly 
exists accompanied by the appearance of bacteria, these bacteiia 
may not be the cause of the disease ; nor need it follow 
that the phenomena accompanying an attack by bacteria are 
necessarily symptoms of disease. On this account we shall 

* Schroeter, Engler-Prantl natilrlich. Pflanz^nfamUien. 
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ooB^Mer those phenomena, which have been described as 
bacterial diseases of plants, very briefly and with a certain 
reserve. This part of the work has been considerably facilitated 
by the use of Ludwig’s compilation of bacterial diseases,^ and by 
Migula’s account of them from the bacteriological point of, view. 

Migula considers that only five diseases of plants have been 
definitely proved to be due to bacteria, namely, pear or apple 
blight, sorghum blight, the bacterial disease of the maize, the 
bulb-rot of hyacinths, and the wet-rot of potatoes. We shall, 
liowever, indicate briefly some other plant diseases which are 
suspected to have a bacterial origin. The slime-fluxes of trees 
have been already considered along with the genus Eiutomyces 
(p. 141), so that we omit them here. 

Pear and Apple Blight. 

This destructive disease of the apple and pear in North 
America has been proved by the investigations of Burrill ^ 
and Arthur to be, without doubt, of bacterial origin. The 
disease has been known for over 100 years, and occurs 
with disastrous effects on fruit-trees in the orchards, as well 
as on crabs and other wild species. Pear trees seem to suff’er 
most in the Eastern States, apple trees in Iowa and elsewhere, 
while none of the species of Pyrus, Cydonia, and Sorbus are 
exempt from attack. 

The disease appears first on the bark as little dead spots; 
these, however, rapidly enlarge till death of twigs, branches, and 
even stems may follow. As a result of death of twigs, the 
leaves turn brown and fall, while a dark fluid exudes from the 
diseased bark. The presence of bacteria has been proved in 
this exuded sap as well as inside the cells, and infections have 
been successfully carried out from pure cultures. The name 
Micrococcus amylovorous was given by Burrill to the organism. 
It flourishes on the sour unripe fruit, and in the tissues of 

’ Lehrhuch der niederen Kryptofjavien, 1892. 

Migula, Kritische Ueherdcht d. Pflanzenkrankheiten durch Bahttrkn verur* 
■Hocht, 1892. 

Prillieux et Delacroix. “ Maladies baccillaires.” Comptes rendu, 1894. 

-Burrill, The American Naiurali<tt, 1881. 

Arthur, Rejiort of New York Ayric. Exper. Station, 1887. 

Waite, Yearbook of U.S. Dept, of Agricviture, 1895 ; description and 
treatment. 
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diseased branches, and is one of those forms which does not 
liquefy gelatine. One characteristic reaction is, that as destruc- 
tion of.- the tree-rind proceeds, fermentation takes place with 
production of carbon dioxide, hydrogen, butyric acid, and alcohol. 

The bacterial colonies should be carefully cut out when 
detected. 


Bacteriosis of Carnations. 

Arthur and Bolley have recently described a bacterial dis- 
ease of carnations common in North America.^ It attacks the 
leaves almost exclusively, causing pale spots which later become 
whitish depressed areas. The plants are seldom killed outright 
and the leaves remain attached, but they are stunted in size, 
and the yield of flowers is prejudiced. The disease is favoured 
by poor cultivation in moist surroundings, and is more prevalent 
indoors. A very efficient remedy is to avoid watering the 
foliage, except at long intervals ; by means of wire-netting it is 
possible to water the roots without touching the foliage. (Edit.) 

Twigf-galls of the Olive" (“Piogua or Loupe”). 

Twigs of the olive are frequently beset with knots varying 
from the size of peas to that of hazel-nuts. These consist 
chiefly of parenchyma which begins to decay internally before 
the gall has ceased growing ; finally the gall also dies. In this 
way cavities in thd* twigs are formed in which Prillieux found 
large masses of bacteria {Bacillus oleae), to whose action he 
ascribes the formation of the galls, as well as the decay of the 
tissues. Infection from pure cultures is yet required to show 
whether the galls are really due to the action of the bacteria, 
and whether the above-mentioned Bacillus is the real cause. 
I had the opportunity of personally inspecting the disease on 
olives near Riva, and found that the galls really contained 
nests of bacteria, while death of twigs above the galls was 
very frequent. 

Similar symptoms of disease occur on willow, birch, pine, 
and other trees, but they have not been investigated. 

^Arthur and Bolley, Purdue University Ayric. Ex))er. Station, BuU., 59, 1896. 

“Prillieux, “Lea' tumeurs bacilles de I’Olivier, etc.,” Bevue gener. de 
botanique, 1889 
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Twig-galls of the Aleppo Pine.^ 

The galls occurring on the twigs and branches of Pinus 
halepensis are even larger than those on the olive; they are 
particularly common in the woods near Coaraze in the Maritime 
Alps. The galls contain masses of bacteria situated in canals 
and cavities in the parenchyma, and throughout the woody 
tissues inside the galls. Prillieux regards bacteria as the cause 
of the galls, and he believes that they penetrate the healthy 
bark and form nests which kill the parenchyma. Experimental 
infection has, however, not yet been carried out. 

Canker of the Ash. 

Sorauer^ regards the well-known ash-canker as the result 
of the action of bacteria, but Noack thinks this improbable. 
Bacteria were found in the canker-spots only in summer, and 
might easily have got there accidentally after the formation of 
the galls. Galls of the ash caused by attacks of the insect 
Phytoptm may frequently contain bacteria. 

Canker of the Ivy. 

Lindau^ describes a cancerous formation on ivy-twigs, accom- 
panied by death of portions of the leaves. The diseased places 
contained slimy masses of bacteria, and the canker-spots, though 
at first isolated by formation of wound-cork, continued to extend 
till they reached the wood, which was ultimately killed. Pure- 
culture and infection-experiments were not carried out, and the 
author himself was unable to determine whether the bacteria 
were primary agents in the canker-formation or only late arrivals. 


Lilac Disease. 

Sorauer^ observed masses of bacteria enclosed in cavities in 
young twigs of lilac which after becoming black-spotted had 
in many cases broken over. The attack and the part taken in 
it by the bacteria were not however investigated further. 

’ Vuillerain, “ Sur une tumeur du Pin d’Alep, ” Gompt. rend., cvii., 1888; 
Prillieux (loc. cit.). 

‘•^Sorauer, Atlwi d. Pflnnzenlrankheiten \ Noack, “ Der Eschenkrebe,” Zei(- 
^chri/t /. FJlanzenkrankheitcn, 189.^, p. 193. 

^ \AXid.Q,Vi, Zeit8chr\ft f PJlcinzenkrank'heiten, 1894, p. 1. 

^Sorauer,* /. Pflanzenhraiikheiten, 1891, p. 186, and 1892, p. 344. 
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Bacterial Disease of tbe Mulberry.^ 

Cavities containing bacteria have been found in brown spots 
on diseased leaves and twigs of the mulberry. A form 
Bact&rium mori** was isolated and found to reproduce the 
disease when used to infect healthy leaves. I have myself 
observed, in the arboretum of the forest experimental station 
at Munich, most of the new twigs of an old mulberry tree 
beset with brown spots oyer the whole green tissue. The 

leaves on such twigs were not spotted, but died off prematurely. 
The spots indicated cavities filled with bacteria and a slimy 
substance. 


“ Mai nero ” of the Vine. 

This name is given to certain diseases of the vine, the cause 
of which has never been satisfactorily explained. Baccarini^ 
succeeded in obtaining all the symptoms of the disease after 
infecting healthy twigs by grafting on diseased pieces. Prillieux 
and Delacroix^ describe a similar disease prevalent in Tunis 
and throughout France, with the name “ Aubernage.” The 
wood when attacked exhibits black points which rapidly 
enlarge and coalesce, causing it to decay. All diseased elements 
were found to contain a brown gummy substance in which a 
form of Leptothrb -haciermni swarmed. Inoculation of healthy 
vines produced the disease in the following year. 

Certain diseases of the grape have also been ascribed to 
bacterial action, and investigations are at present in progress. 

Sorghum Blight. 

A disease of species of Sorghum has been long known in 
America, especially on S. saccharatum, one of the sources of 
sugar. The symptoms are red or black spotting of the leaves 
and other parts of the plant. The disease may even be severe 
enough to cause death of the host-plants. Burrill in 1886 
found a bacterial form present in the spots, and named it 
Bacillus sorghi. Kellermann and Swingle^ obtained pure cultures, 

’ Boyer and Lanjbei-t, “Deux maladies du Mtlrier,” Compt. rend., cxvii., 1893. 

^ Modpighia, vi,; also Bulled, d. Soc. hotan. ItcU., 1894. 

^“La gommose bacillaire d. Vignes,” Compiea rend., cxviii., 1894. 

*RtpoH of hotaukal department of Kannan State Agric. College, 1889. 
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and carried out successful experiments in infection of healthy 
Sorghum. 

Diseased fields should have the Sorghum stubble burnt out^ 
and other crops cultivated on them for several years. 

Bacterial Disease of Maize.^ 

From dark slimy spots on young maize-plants which had died 
from some unknown disease, Burrill isolated Bacillus secales. 
Pure cultures were obtained and minutely described, but no 
record is given of its use in infection-experiments. 

Red-coloration of Wheat. 

This is a phenomenon not uncommon on wheat-grain, where 
it may be epidemic. Prillieux^ ascribes it to a Micrococcus 
which he found associated with it ; as, however, neither pure 
cultures were made nor any experiments in infection carried 
out, the cause of the disease is still doubtful. Examination of 
diseased grain showed that the starch-grains and even cell-walls 
had been dissolved. 

Mosaic Disease of Tobacco. 

This disease of the tobacco is well known in the Nether- 
lands. It makes its appearance as a mosaic-like pattern on 
the leaf, due to isolated spots becoming light-green, then dying. 
Mayer ^ ascribes the disease to the influence of bacteria, although 
infection-experiments have hitherto failed ; other observations 
on the disease do not confirm this conclusion. 


Potato-Rot.^ 

Kuhn described a dry-rot or tuber-rot of the potato which 
had been known since 1830. The disease appears generally 
after harvest and lasts till spring. The tubers shrivel up and 
become very brittle. 


^Burrill, Agric. Exper. Station, Uviv. of Illinois 1889. 

^ Annales d. sci. natur., Ser. vi., 8, 1878, p. 248. 

3 “ Ueber die Mosaik-krankheit des Tabaka,” Vermchs-station, Vol. 32, 1886. 
Kuhn, Die Krankheiten d. Ku/hirgewachse, 1858. 

The text-books of Frank and Sorauer. , 

Reinke and Berthold, Die Zersetzimg d. Kartoffel dutch Filze, 1879. 
Krkmer, Oeaterreich. landwirth. CentralblaU, 1891. 
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Another disease of potato-tubers quite distinct from the 
above is “ wet-rot,” which is widely distributed, and has been 
known siifce 1845, It appears on the field and shows itself 
by a putrefaction of the tubers. Kramer investigated tubers 
whose contents had liquefied inside the swollen skin. They 
contained unaltered starch-grains, remains of the protoplasm, 
and numerous bacteria. The mass in the earlier stages was 
acid, later it became alkaline, and smelt strongly of butyric 
acid. Kramer obtained pure cultures of the bacteria and infected 
potato tubers in various ways, obtaining in every case the 
characteristic rot. The Bacillus was obtained in the form of 
rods with rounded ends, or as long wavy filaments, or as 
spores. On nutritive agar-agar, the colonies form little dirty- 
white slimy drops with a distinct margin and a brownish 
centre. On gelatine the margin of each colony makes a groove 
or funnel in which the colony lies, and liquefaction of the 
gelatine proceeds rapidly. This Bacillus is aerobic, in this 
respect differing from Clostridium huUjricum Prazm, which is 
anaerobic. It also differs from Bacillus hntyricus Hueppe, in 
that it is able to decompose milk. It appears quickly on 
wounds of all kinds, and infection can easily be performed 
artificially by pricking or otherwise wounding the periderm. 
Infection also takes place through uninjured skin, and in 
this case the Bacillus must enter by the lenticels of the 
tuber. 

The disease begins with the formation of a soft spot under 
the periderm of the tuber. This extends rapidly, the tissue 
being completely destroyed, and leaving great cavities containing 
the almost uninjured starch-grains. At this stage carbonic 
acid and butyric acid are formed, so that the reaction to lit- 
mus is acid; later the decomposing fluid becomes alkaline 
from formation of ammonia, methylamine, and trimethylrfniine. 
Various putrefactive bacteria and fungi make their appearance 
in the later stages of decomposition after the periderm has 
been ruptured. 

A somewhat similar disease is reported by Halsted^ from 
the Southern States of America. Diseases of a similar nature 
are also reported on tomato, cucumber, and melon. 

^ Zeitschri/t /. PflairMihrankhtiteM , 1895, p. .^.37. 
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Potato-Scab. 

The symptoms of this common disease consist in the formation 
of areas of dry corky tissue on the surface of the tubers. 
These soon fall a prey to bacterial forms, and rotting takes 
place, soon, however, to be cut off from the healthy tissue by 
a layer of cork The disease continues to spread deeper into the 
tuber, till the reserve materials are used up or rendered useless. 
Bolley ^ ascnbes the disease to a particular Bacterium which he 
isolated and used to carry out infections on healthy tubers 
Without doubt this Bacterium is common in tubers exhibiting 
“ scab,” but other conditions may have caused the disease in the 
first instance 

Thaxter^ believes that the scab-disease of both potato and 
beetroot is caused by a fungus Oospora scabies (p 497) 

Schilberszky ® m investigating a potato-scab, found a fungus 
which he places amongst the Chytridiaceae , its lite-history has 
not as yet been followed out 

Bacterial Diseases of Beetroot. 

Beetroot and sugar beet have shown themselves very liable 
to diseases which have been ascribed to bacterial agency Thus 
in sugar beet which yielded a low proportion of sugar, Arthur and 
Golden * found the cells inhabited by a multitude of bacteria 
These inhabited both roots and lea\es, without, however, giving 
any external evidence of their presence 

Hiltner® obser\ed that beetroot died m consequence of loss 
of its root-hairs This loss was traced to bacteria, and, after 
these had been killed by disinfection, the same roots again 
produced normal root hairs and grew well 

More recently Sorauer^’ descnbes a disease of these crops 
in Germany The lowei ends of the plants become black, while 
from the undiseased portions of the surface there exuded a 
guniiu) fluid containing bacteria, yeasts, and fungi He considers 

^ Bolley, “ Potato Scab ’ Aqnndtnrcd Siience, 1890 
^Thaxter, Report's of the ConmctmU Agnc txper Stattun, 1890 and 1891 
* Schilberszky, Vorlauf Mittheilung, JJer d deut'tsh bofan , 1896, p 36 
^ “ Diseases of the Sugar Beetroot IndiOina, Asfrtt Ljcper Station, Bull .19,1892 
® Hiltner, A landwirth 1894 

^Matter / Zuclen ubenban 1894, also Centralblatt f Baktenologie wid Para 
mtaikunde, win 1895, p 295 
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that the disease was in the first instance due to bacterial action. 
Other diseases have already been noticed amongst the “Fungi 
Imperfect!* ” (p. 464). 

Gnmmosis of Plants. 

There are many diseases characterized by a gummy outflow 
from the diseased parts or from their neighbourhood. Amongst 
plants exhibiting this are trees like the mulberry, olive, vine, 
fig, and vegetables like potatoes, turnips, beetroot, and many 
others. As yet, however, no investigations have been carried out 
carefully enough to give satisfactory explanations of them. It is, 
however, probable that they are primarily due to errors in 
cultivation, while the bacteria which are always found associated 
with them are of secondary importance as disease- producers. 

Bacteriosis of Bulbs. 

Hyacinth-bulbs, when stored up, are liable to several 
diseases which bring about rot and decay. Bacteria have 
been found in the earlier stages of the rot by several 
observers. One of these bacterial forms described by Wakker ^ 
occurs as yellow masses, particularly in the decaying fibro- 
vascular bundles of the bulbs ; it has been named Bacillus 
hyacinthi Wakk. Wakker succeeded in carrying out infections 
with it, and it seems to be a definite bacterial disease. The 
external symptoms were yellow lines on the leaves, due to yellow 
masses of the Bacillus in the vascular bundles and intercellular 
spaces of the parenchyma. 

Another bacterial disease of hyacinth and other bulbs was 
investigated by Heinz.^ The disease starts from the bulb, and 
rapidly extends into the leaves and inflorescences, so that the 
leaves wither and the flower-buds drop off. Shortly afterwards 
the diseased tissues break up and become a foul-smelling slime 
containing an almost pure culture of a bacterial form which 
Heinz named Bacillus hyacinthus scpticus. The Bacillus is easily 
cultivated on gelatine, which it does not liquefy. When applied 
to the base of the leaves it easily infects them, penetrating in 

Wakker, Botan. Centralhlatt, xiv., 1883; Wakker, “Onderzoek d. Ziekten 
van Hyacinthen, etc.,” Algem. Vereenig. voor BloembolknhiHur, 1883, 84, 85. 

* Heinz, CentralbloUt fur Baktendogie und ParcmteiiMiidc, 1889, p. 635. 
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twenty-four hours to a distance of 5-10 c.m. through the leaf- 
tissue. Infection of leaves and bulbs of common onion with 
the same Bacillvs was also successfully carried out, and the same 
symptoms of disease followed. 

Sorauer, in his “ Handbuch,” describes a bulb-rot said to be 
due to bacteria ; but whether it be the same disease as this 
or not we cannot say. 

Bacterial Disease of Beans. 

Halsted ^ describes a disease on cultivated beans, which caused 
considerable loss in the United States. Bacteria were present in 
large numbers in all diseased parts, but to what extent they 
were responsible for the disease could not be exactly determined. 


IV. THE PATHOGENIC ALGAE. 

The Cyanophyceae or Schizophyceae, though generally placed 
with the Bacteria in the group of the Schizophytes, are here 
included with the true Algae on account of the great resemblance 
in their mode of life when they play the part of symbiotes 
or parasites. 

The Uiatomaceae contain no endophytic species. 

The Algae differ from the groups of the Fungi, Myxomycetes, 
and Hchizomycetes, in their possession of chlorophyll and their 
power of assimilation. The relationship of the Algae to other 
living organisms may be expressed under the following heads: 

I. Symbiosis of Algae with Fungi. (Lichens.) 

II. Symbiosis of Algae with animals. 

III. Symbiosis of Algae with chlorophyllous plants. 

(а) Epiphytes. 

(б) Endophytes. 

1. Inhabitants of free spaces in other plants. 

2. Inhabitants of domatia. 

IV. Parasitism of the endophytic Algae. 

(ti) In relation to animals. 

{h) In relation to plants. 

1. Inhabitants of the cell wall. 

2. Inhabitants of the cell cavity. 

3. Destroyers of tissues as a whole. 

^ Ntw Jer»€y Agric. Exper. Station, Report, 1892. 
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The lichen-symbioais is the most marked example of mutual 
symbiosis ^e know. Amongst the partnerships of Algae with 
animals every form exists from mutual symbiosis to true 
parasitism or to typical epiphytism. The last condition is, how- 
ever, mbre frequently met with amongst Algae or Lichens 
epiphytic on other chlorophyllous plants. The phenomenon 
of “shelter-parasitism” is also a frequent one, the Algae 
inhabiting cavities already present in the host, or “domatia” 
— places of abode formed with the assistance of the Algae. 

The full discussion of these and other symbiotic relationships 
may be had by reference to the works dealing with subject; 
some of the more important of these are given: 

De Bary, Die Erscheinung der Sgmbiose, 1879. 

O. Hertwig, Die Sgmbiose im Thierreich^ 1883. 

Klebs, “Symbiose ungleichartiger Orgauisnien.” Biolog. Centralblatt, 
1882. 

Klebs, “ Beitrage zur Kenntuiss niederer Algeiiformen,'’ Botan. Zeitung., 
I88b 

Geza Entz, “ Das Koiisortialverhaltniss von Algen und Thieren,” Biolog. 
Centralblatt, 1882. 

Brandt, “ Die raorphologische und physiologisclie Bedeutung des Cliloro- 
phylls bei Thieren.” Mittheil. d. Zoolog. Station Neapel., 1883. 

Van Beiieden, Animal paranites and Messmates. (English Edition), 
International Scientific Series. 

Only these algae which are parasitic on the higher plants 
come, strictly speaking, within the limits of the present work ; 
we shall, however, also take into consideration the interesting 
symbiotic adaptations presented by several algae which live 
endophytic, but not truly parasitic, in higher plants.^ 

There is a distinct resemblance between the parasitism of 
algae and that of parasitic fungi. Some parasitic algae live 
in the intercellular spaces of their host, others inside the 
host’s cells, and many of them inhabit algae and other aquatic 
plants. A large number of algae live as eiidophytes, many 
of them in cavities occurring naturally in other plants ; such 
we can hardly regard as parasites; nor those which cause the 
formation of “domatia” on their hosts, since these structures 
are an indication of a symbiotic rather than of a- parasitic 

^Altmann {Botan. Zeitung, 1894, p. 207) describes a number of marine algae 
parasitic on Facaceae ; Moebius, Endophyte Algen,” Biolog. CenthUblotft, 1891 ; 
also Conspectus algarum endophytarum, etc., 1891, with complete hibHography. 
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relationship. The manner in which typical chlorophyllous plants 
gradually become shelter-parasites, and pass ‘from this into the 
condition of true parasites, is well demonstrated amongst the 
algae. Few of the parasitic algae can be said to affect their 
host injuriously by causing death of its tissues ; Phyllo^ipkon is 
the most marked case of this l^nd. 

A. THE CVANOPHYCEAE. 

These, the blue-green algae, possess a homogenous bluish 
green plasma, with a colouring matter consisting of phycocyan 
and chlorophyll. Multiplication takes place only by cell- 
division ; sexual reproduction does not occur. Many of the 
forms are adapted to a symbiotic life, yet without prejudice to 
their ability to live as independent organisms. Numerous 
species form lichens. They are in many cases capable of long 
resistance to drought. 

The Cyanophyceae are common both as endophytes and 
epiphytes on other algae and on higher plants. Amongst them 
will be found examples of purely shelter-parasitism, of true 
parasitism, and all intermediate stages, yet no cases are known 
of real injury or death to host-plants resulting from members 
of this group. Amongst forms endophytic in Phanerogams may 
be noticed Nostoc gwirnrae in Angiosperms, and Amhaeyia 
cycadearum in Gymnosperras ; in Pteridophyta only Anahaena 
azollac is known, and in Bryophyta, Nostoc lichenoides. In every 
case the Nostoc penetrates as a shelter-parasite into fissures or 
cavities already existing in the host, and becomes as a rule 
entangled in a slime occupying the cavity. The Nostoc in 
Gunnera becomes parasitic at a later stag^ and makes its way 
into the cavity of cells. The other species are never endophytic 
in the host-cells, though they may afiect the cells surrounding 
a cavity and stimulate them to further growth, apparently, 
however, without any injurious effect on the host-plant. 

Nostoc punctiforme (Kutz.) P. Hariot ^ {Nostoc (Scytonema) 
gimnerac Eeinke).^ This occurs in various species of Gtinnera, 
natives of South Africa, New Zealand, and South America ; or 
cultivated frequently in Europe. The occurrence of the Nostoc 
is in every case the same, its presence being indicated to the 

* Hariot, Compt. rend, cxv., 1892. 

®Reinke, Men'phologische Abkandluvgen, Leipsic, 1873. 
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naked eye by bluish-green spots on sections of stems and 
rhizomes of the host (Fig. 319). 

These originate as follows: the 
species of Gunnera possess charac- 
teristic mucilage-secreting organs, in 
the form of fissures of the leaf-tip, 
collaters on the leaves, and glands 
on the stems. Merker ^ found that 
these glands originated endogenously 
in the growing point between each 
pair of leaves. The mature glands 
are covered only by the epidermis, 
and when activity commences the 
uppermost cells of the gland-tip, 
after swelling, become detached and 
converted into slime (Fig. 320). 
Ultimately the epidennis is ruptured 
by the pressure of the slime, and 
the remaining glandular cells are in turn rapidly transformed 
into the same substance. 



Pio. 319.— iVoatoc gunntrM. LotXf^- 
tudlnal section through the apex of a 
stem of Ounnera mamcata. The punc- 
tated spots indicate the position of 
J^ottoc-colonies. (v. Tubeuf del.) 



Fio. 820.— gunntrat. Longitudinal sections through a gland in stem of 
Ounnera Tmerophylla. r, Epidermis ; «, slime-canal ; no, oolony of No»loc. 
(After Merker.) 


The Nostoc finds its way into the gland as soon as the 
epidermis is broken, apparently attracted there by some 
secretion. Merker found that the Nostoc filaments pass down 

> Merker, “ Ounnera maerophyUat"* Inaugural Diseertation, 1888. 
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th6 slime-canal into the gland itself, and there occupy the 
space left by the glandular cells on their conversion into slime. 
Thence the filaments find their way into the intercellular spaces 
of the starch-containing parenchyma surrounding the gland, and 
become closely applied to the cell-walls. The Nostoc then bores 
through or dissolves the cell- wall, absorbs the starch, and grows 
vigorously till it fills the whole cell. In this manner the 
Nostoc spreads through the cortical parenchyma of the Gunmra 
stem from cell to cell. The stem glands in course of time 
become inactive and the canal closes up, so that the Nostoc is 



Pio S2\ —Ambaena ryiadearum CoraMike surface roots of Cvea# S Trans- 
verse and longitudinal sections of A , the double line indicates the distribution 
of the Nostoc (v Tubeuf del ) 


completely shut in. In this condition it is absolutely de- 
pendent on nourishment derived from the host-cells, and seems 
to thrive on it. No outward symptoms of disease can be 
observed on Giinnera with enclosed Nostoc, the local destruction 
of the cell-contents, the loss of starch, and the filling up of 
the tissues with filaments of Nostoc having apparently no 
effect. The species of Guimcra, have a very short stem with 
a growing point hardly raised above the level of the soil, so 
that the Nostoc easily finds its way there. No algae have 
been found in the petiole and lamina of the gigantic leaves. 
Gunnera may easily be cultivated although it contains no 
Nostoc. 

Jonsson ^ regards Nostoc gumbevcLC as identical with N. puKicti- 
^Jousson, Botan, Notiser, 1S94 
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forme (the earlier name); he also believes that it exists on 
damp soil and independently of Gunmra. 

Anab^na cycadearum (Heinke).^ [Nostoc commune 
(Schneider).*] The following account of this species is taken 
from De Bary.® Seedlings of Cycadeae have a thick tap-root 
which branches in the soil; from the proximal end of the 
primary root a few pairs of root-branches grow up perpen- 
dicularly, and, after forking once or twice, their ends swell to 
form tubercles (Fig. 321). Similar clumps of forked twigs 



Fia. S22.—Anabaena cycadnirum Section of a Cycad-root, as in Fig 321 A, 
and in the condition shown in the upper transverse section B of that figure 
The iifo«t(w-fllamentB crowd the intercellular spaces and cause alteration in ^ape 
and growth of the adjacent cells as shown, (v. Tubeuf del ) 


arise later on other branches which arise from the tap-root 
and spread over the surface of the ground. 

It is into these forked twigs that the Nodoc makes its way 
and causes the following characteristic alteration in their 
structure. A layer of parenchyma, which in normal roots does 
not differ from the surrounding compact polygonal tissue, becomes 
in attacked roots a definite xone round the axile vascular bundle. 
The zone consists of parenchymatous cells much elongated in one 
direction, and with their interspaces filled with masses of algal 
filaments (Fig. 322). In cross-sections of attacked roots the Nostoc 

^Reinke, Botan. Zeitung, 1879, nod AhhancUungen, 1873. 

® Schneider, Botanieid Gazette, 1894, p, 25, 

’De Bary, Die Eraw^ung dtr Sgmbioae, 1879, p. 14 
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zone generally forms a circle; in longitudinal section the cylinder 
of blue-green algae does not extend quite up to the growing 
point. According to Eeinke, the alga penetrates into the 
newly-formed intercellular spaces of the developing periblem- 
cortex, and remains confined to the zone which it has first 
excited to increased growth. It is not certain whether the 
Nostoc penetrates only into injured places or into natural 
fissures. 

The branched aerial masses of tubercles on Cycad-roots are 
produced independently of the Nostoc} but their function is 
unknown beyond a suggestion that they are organs of respira- 
tion. They certainly receive no injury from invasion by the 
Nostoc. Since the Nostoc lives completely cut off from the outer 
world and frequently in subterranean roots, we must assume 
that it receives nourishment from the host. 

Eeinke found Anahaena in roots of Cycas, Ccratozamia, Dioon,. 
and Encephdlartos. 

Eeinke has also found very fine fungal mycelia in the roots 
of Cycads. Schneider observed intracellular bacteria in root- 
tubercles free from Nostoc. 

Anabaena azoUae Strasb.^ This endophyte is never absent 
from Azolla, neither A. caroliniana so much cultivated in hot- 
houses, nor the wild species found in America, Africa, Asia, 
and New Holland. The algal filaments are present even in 
the neighbourhood of the vegetative point and in the closed 
indusia of the sporangia. They are, however, most abundant 
in the cavities formed in the epidermis of the fleshy floating 
leaves.* The Anahacim filaments do not enter the cavity by 
the opening found in the completed structure, but find their 
way in during the formation of the cavity, and probably influence 
its development. As the cavity becomes filled with Anahmna, 
some cells of its inner walls grow out as segmented branched 
filaments amongst the coils of the alga, probably in consequence 
of a stimulus exerted by the Anabaena. 

No endophytic Schizophyceae are known in the true mosses, 

^ Moebius {loc. cit.) states that the roots of Cycads at the Botanic Garden, 
Heidelberg, never contain Ajiahaeiui. 

^Strasburger, Ueher Azofla, Jena, 1873 ; also Practical Botany (English Edition 
by Hillhouse, 1889). 

»The leaves of Azolla are divided into two parts, the upper fleshy one of 
which floats on the water, the under membranous one being submerged, 

2m 
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but several inhabit Hepatime, chiefly species of Anthoceros, Blasia, 
Pellia, Anmm, IHplolaena, Sauteria, and Riccia, 

Nostoc'* lichenoides Vauch.^ is a common endophyte in the 
mucilage-cavities of Anthoceros laevis. The motile algal filaments 
gain admission through the stomata or mucilage-fissures on the 
lower side of the thallus. Only one filament is admitted into 
each cavity, then the opening is closed by an increased turgescence 
and growth of the guard-cells; the imprisoned Nostoc multiplies 
to form a colony. 

I.«itgeb states that after infection has successfully taken place, 
and frequently before the stoma has quite closed, the guard- 



Fio 6-2&.—Anabain(i <uol(ae. Longitudinal section through the [losterior IoIkj 
of a floating leaf of Azolla carohntana. The cavity is filled ^th jV’Mtoc-filaments 
and septate hairs. 

1, A septate hair, and a filament of Anahofna. (v Tubeuf del ) 


cells divide and ultimately fonn a three-layered covering of 
cells over the intercellular space. Simultaneously all the thallus- 
cells round the infected cavity undergo radial division and grow 
into the cavity, first as papillae, then as much-branched and 
septate tubes of various lengths ; the space left between them 
becomes meanwhile filled with the Nodoc. In the case of 
Anthoceros laevis the tubes form a kind of pseudoparenchyma 

^Bibliography: Janczewski, Botan. Zeitung, 1872, and Annales d. sci. 
natur., Ser. 5, xvi. Milde, Botan. Zeitung, 1851. Leitgeb, Akademie d. Wutseii- 
achaften in Wien, 1878; aUo Vntermchungen fiber Lebermooae, i. Goebel, ‘‘Die 
Muscineen,” in Schenk’s Handbuch d. Botanik, 1882. 
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with interapaces filled with Nostoc If other algae, e g Oscillaria, 
enter the cavities, the opening is neither closed nor do the walls 
grow out as processes Infection by No^toc only occurs when 
the mucilage-cavities he near the apex of the thallus and are 
secreting mucilage, the substance which evidently stimulates the 
Nostoc to enter 

Leitgeb found many Anthoceroteae (D( fuh occros, Nototylas, 
Anthoaros) with mucilage-cavities containing Nostoc, not sunk 
in the thallus as with Anthoccros lac vis, but forming warty pro- 
jections above it In the case of Dendroaros these occurred on 
the upper side of the thallus as well as on the lower The 
openings of the cavities of Nofothyhis do not close alter infection, 
but distmctly open wider 

Janczewski observed that chloroph} llous cells ot Hepaticae, 
though at first uii influenced by the intruding alga, afterwards 
lose their chloro])h}ll and plasma, hence he assumed that the 
imprisoned Acsfiic begins in time to live a parasitic life, and to 
kill the host-cells This, however, is not supported by other 
authorities Goebel, on the other hand, believes that the Nostoc, 
like the mucilage amongst which it giows, is useful to the 
thallus, and that it ultimately completely replaces the mucilage 
Trantl held that the ilga assimilated free nitrogen, giving 
up the pioduct to the haiis in the cavity but this is ex- 
tremel} unliked} , e«?pecnlly when the Nodoc is completel} enclosed 
in its host 

Nostoc hchcncndcs is also lery Irecpient in the leaf-auricles on 
the under side of the thallus of Blasia pubilla The auricles 
contain mucilage, which probably induces the Nostoc to enter As 
a result of the Nostoc invasion the auricle enlarges and continues 
to live, whereas without this it would soon have died off 
Branched filamentous processes are produced from the inner wall 
of the auricle and giow amongst the Nostoc^ 

B THE TRUE ALGAE 

In these Algae the green chlorophyll is limited to certain 
portions of the plasma, the chromatophores. The true Algae 
are capable of sexual reproduction They are all more or less 
adapted to an acpiatic life Many of them live in symbiosis, 
some are true parasites 

nvaldiier, Akad d Wt^tsmHchafim w IVten, 1878 
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The true Algae may be grouped as follows: (1) Conj^tgatae ] 
(2) Chlorophy(mc \ (3) Rhodophyceae \ (4) Phaeophyceae \ (5) 
Characeae'' 

Of these the CJmraceac includes no endophytes, the Conjugatae, 
Phaeophycme, and Rhodophyceae only species endophytic in other 
algae or in animals. The' Chlorophyceae, however, include a 
large number of species which live as “ aerial algae *’ endophytic 
in Phanerogams, either as shelter-parasites or as true parasites. 

I. CHLOROPHYCEAE. 

These are divided into three groups : ^ 

1. Protococcoideae including the families Volvocaccac, Tetra- 
sporaceac, Chlorosphacracca£, Pleitrococcctccac, Protococcaccdc {Endoi^- 
phaeraceae, Characicae^ Sciadiaccac)^ and Hydrodictyaccac. 

2. Confervoideae including the families Ulvaccae, Ulothricliaaac, 
Chaetoplioraccac Mycoidcaccac, CyliKidrocapsaceae, Ocdogoniaccae, 
Coleochactacear, Cladophorcame, Gomontiaccac, and Sphacroplcacita. 

3. Siphoneae including the families Botrydiaceac, Pliyllo- 
aiphonaceac, Derlcsiaceae , Vaucheriacea^, Bryopsidaccac, Cav/cr- 
pdceae, Codiacrac, Valoniaccae and Dasycladncmc. 

Chlorosphaeraceae. 

Ghlorosphaera endophyta Klebs. This is found between 
the living epidermal cells of Lerrma minor, and produces there 
spherical cell-masses visible to tlie naked eye as wart-like 
swellings. According to Frank, this is related to EndorUminm 
ptolymorplium Frank. 

Entophysa charae Mob. This lives under the cuticle of 
the epidermal cell-wall of Cham Horru-manri in Brazil. 

Endosphaeraceae. 

Most of the species can penetrate intc» living organs, but they 
may also live as saprophytes or vegetate as independent organ- 
isms. That all the Endosphxwraceac are injurious to their host 
has not as yet been proved. 

Chlorochytrium includes eight European species all endophytic 
in living plants. 


^ The arranf2[emeiit used by Wille in Engler-PrantL ncUur. Pflanzen-familien. 
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Chlorochytrinni lemnae Cohn.^ The zygozoospores have 
four cilia and swarm for a short time in water. On plants of 
Lemim trisulca, the ciliated end becomes applied to the epidermis 
at the place where two cells are in contact, the zoospore becomes 
spherical, forms a membrane, and comes to rest (Fig. 324;. It 
remains resting for a day or two, and assimilates so that a 
starch-grain is formed inside it. Next, a transparent process is 
given off which finds its way between the epidermal cells, widens 
out, and absorbs the cell-contents, while the portion of the algal 




Fio 324 odiyU tun Umnat u, h, < , Ger- 

minating s])ore8 pcnetrjiting through the epi- 
dermis and between the cells of the parenchyma. 
A surface view shows the germinating s^wres 
from above (After Cohn ) 


Fin .325. — C'f( Cot oc/ii/tnum lemnae 
in hmna tnsvlca a, M.iture, b, 
\oung, (, discharged spoiangia 
(After Klcbs ) 


cell remaining outside becomes filled with cellulose and forms a 
firm button-like process. The young alga continues to make 
its way between the cells into the intercelluldr spaces of the 
subepidermal layers of parenchyma, preferably taking up its 
quarters in the thin anterior margin of the thalloid shoot, 
and avoiding the laiger air-spaces. The zoospores are formed 
by repeated division of the plasma of the original cell ; they 
are enclosed in a gelatinous mass which swells and ruptures 
the membranes of the alga as well as the tissue of the Lemna. 

^Cohn, Beitragt ztir Biologit d. nie<l Organi'men\ Klebs, Boian. Zeituwj, 1881. 
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The zoospores (gametes) copulate in the gelatinous mass which 
escapes,-* and break out from it as free swarming zygozoospores. 
When the Lemim falls to the bottom in autumn, or when it 
dries up, the cells of the alga become resting-cells capable of 
sustaining drought. Plants of Lcmna seem to be little 
disturbed by attacks of the endophyte, and develop their 
flowers normally. 

Ohl. Knyanum Kirchn. Frequents Lcmna minor and L. gibba, 
Ccratopkglli/m demcrsnm, Elodea canadensis, but not Lcmna 
trisulca. It forms zoospores only, and these on penetrating 
into a host do not produce a cellulose button like the species 
just described. They appear to be able to enter the host only 
by the stomata. 

OhL pallidum Klebs. Grows in the intercellular spaces of 
Lcmna trvndca. 

Ohl. viride Schroet. Found in the respirator}' cavity of 
Earner obtusifolivs. 

Other species occur in dead Phanerogams or in Algae. 

Stomatoch3rtrium limnan- 
themum Cunningh. Inhabits 
the respiratory cavity of lea\’es 
of Limnanthcmnm indin/m in 
India. 

Ohlorocystis Cohnii Peinh. 
( )ccurs as a “ shelter-parasite ” 
in marine algae. 

Scotinosphaera paradoxa 
Klebs. Found between the 
cells of dying lea^'es of Hypnmn and Lcmna friscvla. 

Endosphaera biennis Kleb.s. The zygozoospores have four 
cilia, and swarm in water till they reach a living leaf of 
Potamogeton Inxxns. They generally come to rest on the under- 
side of a leaf at the boundary wall between two cells, and 
become invested in a membrane. A process is next sent in 
between the epidermal cells, and all the cell-contents pass over 
into it, the outer portion dying away. The young alga now 
makes its way into the intercellular spaces of the sub-epidermal 
tissue and becomes a resting spore. In spring this spore 
gives off biciliate gametes, which, after copulating, become 
zygozoospores. This shelter-parasite has not yet been observed 





FiQ 326 —Endonjihonti hunmo in Potamoffeto^ 
laccM Cell of the Alfya, which has penetrated 
through the epldenma a few weeks previously 
(After Klebs ) 
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to have an injurious effect on its host, beyond killing a few 
isolated leaves. 

End. rubra Schroet. occurs in leaves of Mentha aqvMica and 
Peplis Portula. 

Phyllobium dimorphum Klebs Found in leaves Lysi- 
nfiach/ia Nitmnnnla^ria, Ayuga reptaifis, Chlora nerotina, Erythram 
Centaufium. This endophyte may either penetrate into living 
leaves and there go through its life-history, or it may do so 
in dead leaves. The zygozoospores have only two cilia, and 
enter the leaves chiefly through the stomata of the lower 
surface. Inside the leaf they form long filaments, wliich make 
their way between the elements into the vascular bundles of 
the leaf-ribs, and follow the course of the spiral vessels. 
Resting- spores are formed, and 
give the veins of the leaf a 
rosary -like appearance. Male 
and female gametes are pro- 
duced from the resting cells, and 
copulate to form zygozoospores. 

The host-plants are not injured 
by this endoph^te. 

Chaetophoraceae. 

Most of the species are aquatic 
algae which live independent or 
as epiphytes. 

Endoclonium polymorphum 

Frank (see Chlorosphaera cndo- 



phyta Klebs). This form lives 
endophytic and sometimes intra- 
cellular in living or dead leaves 
of Lcmna. 

Entoderma Wittrockii Wille 


Fio -EnUxUnna Wattodn m the 
membrane of a species of Alga (A’OotoiTJWJ*) 
A, A young one-cclled plant just after pene- 
tration into the alga 5, Plant composed of 
several cells in the wall of Edorarpia C, 
Plant which has formed sporangia of swarm 
spores, one of which is discharged and 
another is in the act (After Wille ) 


occurs inside the wall of Ectocarpvs (Fig. 327). 

Periplegmatium and Phaeophila live endophytic in living 


algae. 

Trentepohlia endophytica (Reinsch). In living cells and 
intercellular spaces of Jungermanniaceae (e.g. Frullania dilatatd) 


and kills them. 
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Mycoidaceae. 

Oephalenros Mycoidea, Xarsten ^ {Mycoidea pamsitiea, 
Cunning.).* This alga is epiphytic on the leaves of most trees 
and' shrubs in the tropics. It varies considerably in its appear- 



Fig 328 . — Cephalfuivi Mifcoidfa Section through the epidermiB of a leaf of Camellia^ 
showing the thallus-llke disc with haustoria. (After Cunningham ) 


ance, but generally forms flattened thalloid discs several layers 
of cells thick and attached firmly to leaves by means of ihizoids 
(Fig. 328). Hairs are produced from the thallus-discs, especially 



Fio 329 —Cephalfuroi Mycoidea Section through part of an attacked leaf of 
Camellia The epidermal layer has been ruptured, and haustoria from the algal 
disc penetrate to the tissues The dark-shaded portion is that killed by the 
alga (After Cunningham ) 

the older ones ; in addition, sporangial structures are also developed 
and give off biciliate swarm-spores. The discs form a kind of 
cuticle which becomes completely fused with that of the leaves. 

* Karsten, Anncd. dujardin. hotan. de Bnitenzorg, Vol. x., 1891. 

^Cunningham, Tram, of Ltnnean Soc. of Londo7i, 1880; H. M. Ward (tdem), 
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Where this occurs, black patches are frequently formed so that 
the leaves become spotted, but the injury to the host-plant is by 
no means so severe as in the following species. 

C6ph. p&rftSltictlB Karsten. This species is common on the 
leaves of Ccdathea and Pandanus at Buitenzorg. It 'spreads 
through the whole leaf-tissue blackening and killing it. The 
epidermis is blistered and its cells filled with the alga ; ultimately 
the cuticle is ruptured and the stalked sporangia are pro- 
duced. The swarm-spores germinate in the stomatal cavity, 
or in the adjacent intercellular spaces. 

Oeph. m inim ns Karsten is parasitic on leaves of Zizyphus 
Jujvha at Buitenzorg. It permeates the leaf-parenchyma and 
kills it, the cells after death becoming completely occupied 
by the alga. 


Phyllosiphonaceae. 

Phyllosiphon arisaxi Kuhn.^ This is a true parasite as yet 
observed only on Arisarum vidgare in Italy and the South of 
France. It causes death of the leaves and is frequently very 
abundant. 

The thallus consists of unicellular, non-septate, much branched 
filaments containing chlorophyll, and filling up the intercellular 
spaces of the spongy parenchyma of the host. The wall of 
the filaments gives the reactions for cellulose and consists of an 
outer and a later-formed inner layer, the latter capable of swelling 
very much to assist in ejaculating the spores. The chlorophyll 
corpuscles at first contain no starch, only oil, which, however, 
decreases during spore-formation, while the starch increases. 
The spores (aplanospores) are formed inside the algal threads, 
and are ejected with great force from the extremities of filaments 
which lie under stomata, and therefore in the position where least 
resistance is offered to the swelling inner wall. Chlorophyll is 
not present in the young filaments, but it appears in the older 
parts, especially about the time of spore-formation, and seems 
to be stored in the spores. The spores have a nucleus and 
chlorophyll disc. They germinate to a filament which grows 
between two epidermal cells into the intercellular spaces of the 
leaf. 

^Kuhn, “Eine neue parasitUcbe Alge,” Sitzungnber. d. naturfornch. Gea., 
Halle, 1878 ; Just, Botan. Zeitung, 1882 ; Schmitz [idem) 
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Parts of the leaf and petiole inh9,bited by this alga appear 
externally as yellow spots. Only one individual alga inhabits 
each spot, sending its numerous branches into the intercellular 
spaces. Attacked leaf-cells lose their chlorophyll and starch, 
the latter being at first replaced by oil. The cells, however, 
remain alive and turgescent, even when deprived of almost 
their whole content ; they die, when spores are produced in the 
filaments. Cells undisturbed by the alga remain unaffected. A 



Fio. 330 . — Phyllotiphon ariiart on Anmnau vufgare. A, Leaf with yellowiah 
apote ; B, the branched alga isolated from a apot ; C, Bitore-fonnation inside a 
tllameut; D, spores. (iLfter Just and Bugler- Prautl.) 


single leaf may bear a large number of spots, and all the plants 
of a locality are generally attacked. The spots were found by 
Just only from December to April, then they disappeared, 
indicating that the algal spores must have a lesting-period 
outside of the Arisarum, and return to young plants again in 
autumn. 

Phytaphysa Treubii Weber et v. Bosse. Forms characteristic 
galls on a species of Pilea in Java. 

2. PHAEOPHYCEAE. 

These algae live only in other living algae, and are not en- 
dophytic in higher plants. 
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Streblonemopsis irritans Val. forms wart-like galls on 

Cystosira opuntioides. 

Entonema grows between and into the cells of Bhodophyceae 
and Melanophyme. 

3. RHODOPHYCEAE. 

The Bhodophyceae or Florideae occur endophytic only in other 
algae ; e.g. Harveyella mirabilis (Reinsch) vegetates in thalli of 
Bhodomeleac and Polysiphoneae, but reproduces itself outside 
its host. Species of Choreowlnx and other genera have a similar 
mode of life. 
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autumnale, Rhytisma, - • 246 

avenae, Ustilago, - - - 64, 284 

azaleae, Exobasidium, - • 427 

azollae, Anabaena, - - . . 545 

B 

baccarum, Sclerotinia, - 260 

bacilligera, Passalora, - 506 

Bacillus, .... 532-538 

bacteriospermum, Taphrina, 147, 149, 153 

Bacteria, 530 

Bacterium, - 101,143,634,537 

Balansae, Peridermium, - - 417 

balsameum, Peridermium, - 417 
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balsamitae, Puccinia, 


366 

bambusae, Neovossia, 


311 

barbareae, Aecidium, 


409 

Barclayana, Neovossia, - 


311 

Barclayella, .... 


373 

Barclayi, Phragmidium, ■ 
Bardanae, Aecidium, 


363 

351 

Bargellinia, .... 


138 

Barya, 


184 

Baryanum, Py thiuin de, • 

4, 116 

Baryi, Puccinia, 


354 

basicola, Thielavia, 


182 

Basidiomyoetes, 


421 

Basidiophora, 


127 

batatas, Rhizoctonia, 


202 

bataticola, Phyllosticta, 


464 

Batscbiana, Sclerotinia, - 


270 

Behenis, Uromyces, 


337 

bellidiastri, Puccinia, 


359 

Beloniella, .... 


255 

berberidis, Aecidium, 


341 

,, Melasmia, - 


479 

,, Microsphaera, 


176 

Berkeleyi, Puccinia, 


356 

betae, Phoma, 


468 

,, Phyllosticta, 


464 

„ Rhizoctonia, 


202 

,, Uromyces, - 


334 

beticola, Cercospora, 


513 

betonicae, Puccinia, 


359 

,, Ustilago, 


298 

betulae, Homiomyia, 


262 

„ Sclerotinia, 


261 

„ Taphrina, 148, 

149 

154 

betulina, Dothidella, 


230 

,, Melampsora, • 

366, 

367 

„ Taphrina, 147, 149, 152, 159 

betulinuB, Polyporus, 


446 

Beyerinckii, Ascospora, - 


211 

,, Coryneum, - 

211, 491 

bicolor, Entyloma, 


312 

Bidwellii, Laestadia, 


216 

biennis, Endosphaera, - 


665 

biseptatum, Gymnosporangium, 


401 

bistortae, Ovularia, 


501 

„ Pseudopeziza, 


256 

„ Pseudorhytisma, - 


256 

„ Puccinia, 


355 

,, Rhytisma, 


246 



I INDEX OF PARASITES. 559 


bistortamm, UstUago, • 

PAGE 

- 298 

Bivonae, Uncinula,- 

- 178 

bliti, Cystopus, 

- 127 

Bloxami, Cercospora, 

514 

Bolleana, Cercospora, 

- 515 

Boltshauseri, Aseochyta, 

- 473 

borealis, Exoascus, 

- 158 

„ Polyporus, 

- 439 

Bostrichonema, 

- 501 

Botrytis, ■ - - 4, 267, 4{}9 

bouteloaae-humilis, Ustilago, 

■ 299 

brachysporum, Lophodermium, 

233 

Brachypuccinia, 

- 353 

Brandegei, Aecidium, 

411 

brassicae, Altemaria, 

- 518 

,, Asochyta, 

473 

,, Chytridium, - 

- 107 

,, Macrosporiutn, 

- 518 

,, Olpidium, 

- 107 

,, Plasmodiophora, 

- 524 

brassicicola, Sphaerella, - 

- 215 

Breniia, 

131 

brevipes, Uromyces, 

- 337 

brevius, Peridermium, - 

- 415 

bromivora, Ustilago, 

. 292 

Brunchorstia, - . - - 

- 481 

Brunchorstii, Frankia, - 

- 101 

brannea, Ratnularia, 

- 502 

bulboram, Sclerotina, 

- 266 

bulboBuni, Phragmidium, 

- 363 

Bulgaria, .... 

■ 253 

bullata, Pnccinia, - 

- 353 

„ Taphrina, - 148, 150, 154, 168 

„ Ustilago, - 

• 288 

bullatuni, Tolyposporium, 

- 306 

bunii, Aecidium, - 

355, 409 

„ Puccinia, 

- 356 

Burillia, - . - - - 

- 322 

butomi, Cladochytrium, - 

114 

buxi, Laestadia, 

- 217 

„ Pnccinia, 

- 361 

Byssothecium circinans, ■ 

• 201 

C 


cacalkte, Uromyces, 

- 337 

Caeoma, . . - - 

364, 418 

calamagrostidis, Tilletia, 

- 310 

caloea, Ramularia, - 

- 502 

caleudulae, Entyloma, - 

- 312 
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californica, Plasmodiophora, - 

- 529 

Calonectria, - . . . 

- 184 

Calosphaeria, - . . . 

- 226 

calospora, Tilletia, - 

- 310 

calthae, Psendoperiza. - 

- 255 

,, Puccinia, - - ■ 

- 341 

Calyptospora, - . . . 

- 370 

Camarosporium, 

- 475 

camelliae, Coryneum, 

- 491 

„ Meliola, - 

- 182 

campanulae, Coleosporium, - 

377 

„ Marsonia, - 

- 491 

„ Puccinia, - 

- 359 

cancellata, Roestelia, 

- 396 

Candida, Peronospora, - 

- 134 

candidus, Cystopus, 

- 123 

Candolleana, Sclerotinia, 

- 266 

Candollei, Phoma, - 

■ 468 

canescens, Entyloma, 

312 

cannabis, Septoria, - 

• 477 

capensis, Ustilago, - 

294 

Capnodium, ... 

■ 181 

capparidis, Cercospora, • 

- 515 

carbonarium, Phragmidium, - 

■ 363 

caprearum, Melampsora, 

- 368 

cardui, Puccinia, • 

- 359 

,, Ustilago, - 

• 296 

caricicola, Puccinia, 

- 355 

caricis, Cintractia, • 

- 301 

„ Puccinia, - 

- 349 

„ Ustilago, - 

- 301 

cariciuum, Leptostroraa, 

- 480 

caries, Tilletia, 

- 306 

carnea, Taphrina, • 148, 149, 154, 167 

carneola, Ovularia,- 

- 501 

carneum, Myxosporium, - 

- 486 

carpinea, Dermatea, 

253 

carpini, Melampsora, 

■ 370 

„ Taphrina, - 147, 150, 153, 162 

Carpoasci, .... 

. 168 

carpophilum, Cladosporium, ■ 

- 610 

carthami, Puccinia, 

- 355 

caryogenum, Fusicladium, 

- 508 

caryophyllinus, Uromyces, 

- 336 

Gasparyana, Schinzia, • 

- 326 

cassandrae, Exobasidium, 

- 427 

castagnei, Melampsora, ■ 

- 368 

,, Podosphaera, • 

- 173 

„ Puccinia, 

. 356 
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cMta^ei, Sphaerotfaeoa, 

- 

178 

chrysanthemi, Oidium, - 

499 

CMftaneae, Diplodina, 


474 

„ Septoria, - 

478 

„ Sepforia, 


478 

Chrysochytrium, .... 

111 

oatalpae, Macrosporium,- 


618 

Cbrysomyxa, • - • 20, 54, 377 

catenulatutn, Entyloma, • 


313 

chrysosplenii, Entyloma, 

312 

oaulicola, (^rcospora, • 


514 

,, Puccinia, • 

361 

caulium, Melanotaenium, 


314 

Chrysospora, 

361 

ceanothi, Aecidium, 


411 

Chytridiaceae, • - - 1 1 

106 

cecldomophilns, Taphrina, 

- 147, 162 

Ciboria, 

270 

cedri, Peridermium, 


417 

cichoriacearum, Erysiphe, 

175 

cellulioola, Schinzia (Naegelia), 

326 

Cicinoboius Cesatii, ‘ - 

470 

celtidis, Ramularia, 


502 

cicutae, jhiccmia, - - - - 

355 

oeltis, Taphrina, - 

148, 149, 163 

cinarae, Ramularia, 

502 

Cenangium, - 


251 

cioerariae, Aecidium, 

352 

cenchri, Tolyposporium, 


306 

cinerea, Botrytis, - - 180, 267, 499 

centaureae, Aecidium, • 


351 

„ Monilia, - - . . 

261 

,, Pnccinia, 


363 

cingens, Melanotaenium, 

314 

cephalanthi, Aecidium, ■ 


411 

cingulatum, Gloeosporium, - 

485 

Cephaleuros, - 


552 

cinnabarina, Nectria, - 8, 17, 71, 185 

Cephalotheca, 


178 

cinnamomeus, Polyporus, 

452 

cepulae, Urocystis, - 


316 

cinnamonea, Dermatea, - 

253 

cerasi, Fusicladium, 


507 

(yintractia, 

301 

,, Puccinia, 


355 

circaeae, Aecidium, 

409 

„ Taphrina, 19, 147, 

151, 153, 163 

,, Melampspra, • 

370 

cerasina, Septoria, • 


476 

„ Puccinia, - - - - 

361 

cerastii, Aecidium, - 


410 

circinans, Coleroa, - * - 

195 

,, Melampsorella, - 


370 

„ Leptospbaeria, • 201, 

221 

cerastiorum, Fabraea, - 


255 

,, Vermicularia, - 

471 

Ceratocystis fimbriata, - 


469 

circinata, Uncinula, 

178 

Ceratophorum, 


511 

circumscissa, Cercospora, 

513 

cerealis, Gibellina, - 


220 

cirsii, Phyllosticta, 

464 

cerebrum, Peridermium, 


414 

,, Puccinia, .... 

340 

Cercospora, 


513 

citri, Capnodium, .... 

182 

Cercosporella, 


503 

,, Meliola, 

181 

cercosporoides, Cylindrosporium, • 

489 

Cladochytriaceae, - . - - 

113 

Ceaatii, Tuburcinia, 


322 

Cladochytrium, .... 

114 

chaetomium, Coleroa, 


195 

Clodosporium, .... 

508 

Ghaetophoraceae, - 


551 

cladosporoides, Cercospora, 

506 

Charrinia, - 


472 

Clasterosporium, .... 

511 

cheirantbi, Cercospora, - 


515 

clavariaeforme, Gymnosporangium, 

384 

chelidottii, Caeoma, 


419 

Clavarieae, 

431 

chenopodii, Phyllosticta, 


465 

clavellosum, Triphragmium, - 

362 

,, Uromyces, - 


337 

Claviceps, 

191 

Chlorochytrium, - 


549 

clavipes, Gymnosporangium, - 

402 

Chlorocystis Cohnii, 


550 

claytoniae, Peronospora, 

134 

Chlurophyceae, t 


548 

clematidis, Aecidium, - 349, 

409 

Ohlorosphaera endophyta, 

<? 

548 

Clithris, 

248 

Chlorosphaeraceae, 


548 

Cocconii, Tolyposporium, 

306 

Choreocolax, - 


555 

cochleariae, Ovularia, • 

500 
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Dacromycetea, - - - - 422 

dactylidis, Uromyces^ - - - 336 

Darluoa, 474 

Dasyacyp^a, . - . . 270 

Decaisneana, Schroeteria, • • 328 

decipiena, Endomycea, - - - 141 

„ Synchy triuin, - - - 109 

Taphriua, - 147, 161, 153 

„ Tilleta, - - .310 

decolorana, Ejcobaaidium, • - 427 

deformana, Barclayella, • > • 373 

,, ' Caeoma, - - 30, 418 

,, Peridermiuni, - - 416 

,, Taphriua, 147, 150, 153, 165 
„ Uromyces, - - - 418 

Dehnii, Beloniella, .... 256 
Delaatrina, Schroeteria, - - - 328 

Dematieae, 605 

Dematophora, .... 202 
dendriticum, Fuaicladium, - 218, 507 
,, Venturia, - - - 218 

Dendrophoma, .... 469 
denaa, Plasmopara, • - - 131 

dcnaiaaima, Microsphaera, - • 176 

dentariae, Puccinia, • • - 359 

Depazea, . ’ - - . - 465 

depazeaeformis, Sphaerella, . - 215 

depreasum, Fuaicladium, - - 508 

Dermatea, 253 

Dennateaceae, .... 251 

Dermatella, 252 

deamodii, Ramularia, - - • 502 

deatruens, Agaricua, - • - 462 

Brunchoratia, . 252, 481 

,, Fuaicladium, . . . 508 

,, Oidium, - . - 499 

,, Ustilago, . - . 289 

devaataus, Myxoeporium, - • 486 

devaatatrix, Phragmidium, - - 362 

Diachora, 230 

dianthi, Aacochyta, - - * 473 

„ Septoria, .... 477 
„ Soroaponum, - - . 325 

Diatrypeae, 226 

dicentrae, Aecidium, - - - 410 

Dicoccum, 506 

dictyoapennuro, Pythium, • * 117 

didyma, Septoria, .... 478 
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Didymaria, ■ 

- 501 

Didymoaphaerhk, • 

■ 218 

Didymoaporium, - 

- 490 

digitalia, Aacochyta, 

- 473 

digitariae, Ustilago, 

■ 291 

digitata, Schinzia, • 

- 326 

digraphidis, Puccinia, 

- 349 

Dilophia, .... 

. 222 

Dilophoapora, 

- 479 

Dimeroaporium, 

- 178 

dioicae, Puccinia, - 

- 351 

Diorchid ium, . . . - 

- 361 

Diplodia, .... 

. 472 

diplodiella, Coniothyrium, 

- 471 

Diplodina, .... 

- 474 

diplospora, Ustilago, 

- 291 

Dipodaacua, . . - - 

- 138 

dipsaci, Peronoapora, 

. 132 

diacoideum, Exobasidium, 

- 427 

Diacomycetea, 

- 240 

Diacoaia, .... 

. . 480 

diacoaioides, Pestalozzia, 

- 494 

diapersa, Puccinia, - 

347, 348 

ditiaaima, Nectria, • 

- 186 

diveraidena, Hydnum, . 

- 431 

Doasaauaia, .... 

- 322 

domestica, Ustilago, 

. 298 

Dothidea, .... 

- 230 

Dothideaceae, 

184, 229 

Dothidella, .... 

- 230 

Dothiora, .... 

- 249 

Douglaaii, Botrytis, 4, 

269, 499 

drabae, Aecidium, ■ 

- 410 

,, Puccinia, - 

- 359 

dracontii, Aecidium, 

- 410 

dryadeus, Polyporua, 

- 440 

dryadia, Didymosphaeria, 

- 218 

Duriaeana, Uatilago, 

. 297 

Dyscomycopsia rhy tiamoides, - 

- 245 

E 

echinata, Ustilago, 

- 294 

echinatum, Triphragmium, • 

- 362 

echinulatum, Heteroaporium,- 

- 516 

Ectrogella, .... 

. 107 

eflFuaa, Peronoapora, 

. 182 

effusum, Fuaicladium, • 

. 508 

Ehrenbergii, Soroaporium, 

■ 282 

Elaphomycea, .... 

97, 183 
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elatinum, Aecidium, - 18 

72, 404 

eriophori, Puccinia, 

- 352 

elegans, Cladosporium, • 

■ 509 

errabunda, Phoma, 

- 469 

Eleutheromycea, - 

- 184 

ervi, Uromyces, 

- 333 

elliptica, Peronospora, - 

. 135 

eryngii, Entyloma, - 

- 312 

Ellisii, Ascochyta, - 

- 473 

Erysiphe, 

- , - 175 

„ Entyloma, • 

- 313 

Erysipheae, - 

7, 170 

,, Gymnosporangium, 

- 402 

,, haustoria, • 

- - 9, 10 

elymi, Paocinia (Rostrupia), - 

- 354 

,, remedies, ■ 

- 68 

€mpetri, Caeoma, ■ 

- 380 

erysiphoides, Oidium, - 

- 499 

,, Chrysomyxa, - 

- 380 

erythronii, Uromyces, - 

- 338 

,, Melasmia, 

- 479 

erythrostoma, Gnomonia, 

. 222 

,, Khytisma, 

- 246 

esculenta, Ustilago, 

- 294 

andiviae, Puccinia, - 

- 355 

esculentum, Aecidium, - 

- 410 

Endoclonium polymorphum, - 

548, 551 

euonymi, Caeoma, - 

- 368, 419 

«Ddogenum, Melanotaeniuin, • 

- 314 

,, Microsphaera, - 

- 176 

Endomyces, .... 

- 141 

Eupezizeae, 

- 270 

Endophyllum, 

- 403 

Euphacidieae, • 

- 241 

Endosphaera, - - - - 

- 550 

euphorbiae, Aecidium, - 

24, 410 

Endosphaeraceae, - 

- 548 

,, Peronospora, 

- 135 

Engelmanui, Peridorraium, - 

- 417 

,, Uromyces, - 

- 334 

Enj^rianum, Aecidium, 

- 409 

euphorbiae-dulcis, Melampsora, - 370 

enormia, Puccinia, ■ 

- 359 

euphorbiae-sylvaticae, Endophyllum, 403 

Entoderma Wittrockii, - 

. 551 

enphrasiae, Coleosporium, 

- - 376 

Entomophthoreae, - 

- 115 

Eu-puccmia, • 

- 340 

Entomoaporium, • 

• 4S0 

Eurotium, 

- 178 

Entonema, .... 

- 655 

excavatus, Uromyces, - 

- 337 

Entophysa charae, ■ 

- 548 

Excipulaceac, - 

- 482 

Entorrhiza, .... 

- 326 

e.xitiosum, Polydesmus, • 

- 221, 518 

entorrhiza, Ustilago, 

- 297 

,, Sporidcsmium, 

- 221 

entospora, Basidiophora, 

- 127 

Exoasceae. ■ ■ - 11, 41, 52, 144 

Entyloma, .... 

- 311 

,, galls, - 

25, 29 

ephedrae, Peridermium, 

- 417 

Exoascus (see Taphrina), 

. 147, 152 

Epichloe, .... 

- 190 

Kxobasidiaceae, 

- 423 

epidermidis, Didymosphaeria, 

- 218 

Exobasidium, - 

- 7, 13, 423 

epilobii, Plasmopara, 

- 131 

„ galls. 

- 21, 25, 28 

,, Ramularia, 

■ 502 

exotica, Septoria, - 

. 478 

,, Septoria, - 

- 478 

expansa, Puccinia, • 

- . 359 

,, • Sphaerotheca, - 

- 174 

extensa, Taphrina, - 

- 148 

epilobii-tetragonii, Puccinia, - 

- 341 

extensicola, Puccinia, 

- 351 

epiphylla, Taphrina, 20, 147, 150, 152, 158 
,, Tilletia, . - - - 310 

epiphyllum, Cladosporium, - - 510 

F 

fabae, Uromyces, - 

- 333 

epitea, Melampsora, 

- 368 

Fabraea, 

■ 255 

erectum, Aecidium, 

- 349 

fagi, Pbytophthora, 

- 117 

Eremasous, . - . - 

. 138 

fagicola, Actinonema, 

- - 474 

Eremothecium, 

- 138 

fallaciosa, Physalospora, 

- 218 

ericae, Hypoderma, 

- 234 

farinosa, Melampsora, - 

- 368 

erigeronatum, Aecidium, 

- 411 

farinosum, Oidium, 

- 173, 499 

eriobotryae, Fuaicladium, 

. 507 

Farlowii, Taphrina, - 147 

151, 152, 157 
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iiBoioularis. Botrytis, 

500 

fMcioQlata, Taphrina, 

148, 149, 154 

fa«et0akt»nj^ Fasicladium, 

508 

Fenesiella, 

lergussonu, Puccmia, 

229 

• 359 

featucae, Puccmia, 

. 349 

„ Urocyatis, 

316 

ficariae, Cylmdrosponunri, 

489 

,, Peronoapora, 

134 

„ Uromyces, 

337 

fici, Uredo, - 

420 

ficuum, Ustilago, 

299 

filamentosum, Peridermiunij 

, 415 

filicma, Taphnna, 

148, 149, 154 

„ Uredinopsis, 

141, 420 

filipendulae, Cylmdrosponum, 489 

,, Tnphragmium, 

362 

,, Urocystis, 

319 

filum, Darluca, 

474 

fimbriata, Ceratocystia, 

469 

,, Gnotnomella, 

223 

„ Mamiania, 

223 

fimbnatuin, Sphaeronema, 

469 

finna, Puccmia, 

351 

Fiachen, Entyloma, 

312 

,, Peridermium 

377, 414 

,, Tilletia, 

310 

, Uatilago, 

281 

Fistuhna hepatica 

4)2 

flaccidum Cronartium 

382 

fiammulae Cladochytrium, 

114 

flava, Taphrina 

148, 150, 154 

Flondeae, 

555 

flosculorum, Ustilago 

294, 295 

foeda, Chaetophoma, 

181 

foedum, Capnodium, 

181 

foliicola, Henderaonia, 

475 

fomentariuB, Polyporus 
Femes (see Polyporus) 

74, 84, 435 

fraganae, Ascochyta, 

473 

,, Sphaerella, 

214 

fraganastri, Phragmidium, 

363 

Frankia, 

101 

fraxmi, Aciinonema, 

474 

,, Aecidmm, 

410 

,, Hyaterographmm, 

232 

,, Scolecotnchum, 

508 

,, Septogloeuui, 

496 

„ Septoria, 

478 
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fructigeoa, Monilia, 

261, 497 

fruotigenum, Gloeoaponum, 

482 

fruatulosum, Stereum, 

430 

fuciformia, Isana, - 

519 

Fuckehana, Sclerotmia, 

267 

fulgena, Synchytriura, 

109 

fnhgmoaa, Scleroderns, 

251 

tuhum, Cladosponum, 

510 

„ Polystigma, 

im 

„ Sclerotium, 

431 

fulvus, Polyporus, 

447, 448 

Fumago, 

181, 519 

fumanae, Caeoma, 

419 

fumosus, Polyporus 

452 

funerea, Pestalozzia, 

493 

Fungi, classification of, 

105 

Fungi imperfecti. 

462 

I'usarium, 184, 

, 189, 520 

fusca, Puccmia, 

356 

fusco violaceum, Sistotrema, 

433 

fuscum, Entyloma, 

312 

fuscus, Protomyces, 

141 

b usicladium, 

507 

Fusicoccum abietmum, 

465 

fusiforme Phragmidium, 

362 

Fusxsponum, 

521 

Fusoma 

504 

G 


galanthi Sclerotmia 

270 

galanthma, Botrytis 

500 

galeopsidis b rysiphe. 

175 

,, Phyllosticta, 

465 

gain, Melampsora, 

370 

„ Puccmia 

341 

gangboniforraiB, Peronospora 

131 

Gasteroraycetes, 

422 

geicola, Depazea, 

465 

genistae Didymosphaeria, 

218 

,, Uromyces, 

337 

genistalis, Darluca 

474 

gentianae, Puccmia, 

341 

geographicum, Aateroma, 

470 

gerauii, Plasmupara, 

131 

,, Puccmia, 

359 

,, Ramularia, 

502 

,, Uromyces 

334 

,, Ventuna, 

218 

Gibbera, 

204 
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Gibberella, 184 

gibberosa, Puccinia, - - 346, 3,54 

Gibelliana, Sphaerella, - - - 215 

Gibellina, 220 

giganteum, Peridermium, - - 416 

giliae, Aecidium, - - - - 411 

,, Puccinia, .... 355 
gilvum, Lophodermium, . . 240 

githaginis, Magnusiella, 148, 151, 154 
gladioli, Urocystis, - - - 316 

glaucum, Penicillium, - - 3, 180 

glechomatis, Puccinia, - - - 361 

globosum, Gymnosporangium, - 403 
,, Synchytrium, - - 113 

Gloeosporiuiri, .... 482 
glomerulata, Tilletia, - - -310 

glomeruloBum, Clasterosporium, - ,51 1 
glumarum, Puccinia, - - • .348 

,, Uredo, - - - . 420 

glycyrrhizae, Uromyces, - - 337 

Gnomonia, • - - -17, 222 

Gnomoniella, 223 

Goeldiana, Kamularia, ■ - - 502 

Goeppertiana, Calyptospora, • - 370 

,, Melampsora, - -370 

,, Ustilago, - - 298 

gongrogena, Diplodia, - - - 472 

,, Pestalozzia, - - 494 

gossypii, Colletotrichum, - - 487 

,, Uredo, .... 420 
gossypina, Cercospora, - - - 51.5 

,, Sphaerella, - - - 214 

gracile, Helminthosporium, - • 512 

,, Phragmidiuni, - - - 363 

„ Pythium, - - - 117 

gramineum, Helminthosporium, 221, 512 
graminicola, Ascochyta, - - 473 

,, Scleroapora, - - 131 

graminicolum, Exobaaidium, - - 427 

graminis, Dilophia, - • - 222 

,, Dilophospora, - - - 479 

,, Erysiphe, - - - 175 

,, Ophiobolus, - - - 222 

,, Phyllachora, - • - 229 

,, Puccinia, • ■ 75, 341 

,, Scolecotrichum, - - 508 

grarainum, Septoria, • - * 477 

„ Typhula, - - - 431 

grammica, Ustilago, ■ - • 294 
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grandis, Ustilago, - 

- 293 

Grapbiola, 

- - 825 

griaea, Peronospora, 

■ 1,34 

griseola, Isariopsis, 

- 519 

grossulariae, Aecidium, - 

- * - 409 

,, Microsphaera, 

- 176 

„ Phyllosticta, 

- 464 

Guarinonii, Microsphaera, 

- 176 

Guepini, Pestalozzia, 

- 494 

gunnerae, Nostoc, - 

- 541 

guttata, Phyllactinia, - 

- 178 

Gymnoasci, - 

- - 137 

Gymnoascus, - 

■ 138, 170 

Gymnosporangium, 48, 51, 

74, .332, 383 

„ deformations, 18, 43 


H 


Halstedii, Plasmopara, - 


- 1.31 

Harknessii, Peridermium, 


- 415 

Hartigianum, Septogloeum, 


- 495 

Hartigii, Melampsora, - 


- 368 

,, Pestalozzia, 


8.3, 491 

,, Polyporus, 


- 447 

Harveyella mirabilis, 


- 555 

hederae, Septoria, - 


- 478 

hedericola, Sphaerella, - 


- 215 

hedysari-obscuri, Uromyces, 


- .338 

helianthi, Aecidium, 


- .340 

„ Puccinia, 


- 340 

Helicobasidium, 


- 429 

helioscopiae, Melampsora, 


- 370 

hellebori, Ramulaiia, 


- 502 

Helminthosporium, 


512, 516 

helosciadii, Entyloma, - 


- 312 

Helotieae, 


- 256 

Helvellaceae, - 


- 275 

helvetica, Puccinia, 


- .353 

Hemibasidii, - 


- 275 

Hemilcia, 


32, .361 

Hemipuccinia, 


- .353 

Hendersonia, - 


- 474 

Hennebergii, Phoma, 


- 467 

hepatica, Fiatulina, 


. 452 

hepaticae, Aecidium, 


- 409 

herbarum, Cladoaporium, 


4,509 

Herpotrichia, - 

61 

, 83, 198 

herpotrichoides, Leptosphaeria, 

- 220 

heaperidearum, Pleospora, 


-• 221 

Heteropuccinia, 


• .341 
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heterogenea, Pucdma, • 


360 

impatientia, Bepazea, - 


465 

heteroica, Sclerotinia, • 


263 

impresanm, Aateroma, - 


470 

HetercNsphaeria, 


249 

inaequale, Fuaoma, 


505 

Heteroi||>ori«iii, 


515 

infestana, Phytophthora, 

7, 

119 

hetffirqaptfrium, Fasarium, 


520 

inflata, Rhizina, 


273 

hetemsporum, Septosporiuui, 


518 

inquinana, Bulgaria, 


253 

,liietttoli, Pucoioia, - 


353 

,, Pestalozzia, • 

. 

494 

himalayensig, ObryBomyxa, - 


379 

inaidiena, Pestalozzia, . 


494 

hippui^Mia, Aecidiam, - 


336 

inaititiae, Taphrina, 147, 151, 

153, 164 

hirsutum, Stereutn, 


429 

intermedia, Doasaanaia, . 


324 

hirsutus, Polyporua, 


452 

„ Uatilago, 


295 

hiapidus, Polyporua, 


444 

intermedium, Pythium, - 


117 

Holboelli, Puccinia, 


359 

interatitialis, Ovularia, . 


500 

holoatei, Uatilago, - 


297 

„ Puccinia, ■ 


341 

hordei, Hormodendron, - 


505 

inulae, Coleosporium, 


376 

„ Tilletia, 


310 

ipomoeae, Coleosporium, 


377 

„ Uatilago, - 


288 

,, Nectria, 


189 

Hormodendron, 


505 

,, Puccinia, 


356 

hottoniae, Doananaia, • 


324 

ipomoearum, Vermicularia, . 


471 

hyacinth!, Bacillus, 


538 

ipomoeae.panduranae, Cystopua, 


127 

„ Pleoepora, 


221 

iridis, Aecidium, ■ 


411 

hyalina, Thecaphora, 


324 

„ Cladochytrium, . 


114 

Hydneae, .... 


431 

„ Puccinia, 


355 

Hydnum, .... 


431 

„ Uredo, .... 


420 

hydrangeae, Septoria, • 


478 

Irmiachiae, Paipalopaia, - 


322 

hydropiperia, Sphacelotbeca, • 


302 

laaria, 


519 

Hymenomycetea, - 


422 

laariopsis, .... 


519 

hyoacyami, Peronospora, 


134 

iachaemi, Uatilago, 


292 

hypericorum, Melampsora, 


370 

italica, Urocyatis, - 


319 

Hyphomycetea, 


496 

italicum, Penicillium, 


180 

Hypnoohaceae, 


428 




Hypnochua, 


428 

J 



Hypocreaceae, 


184 




Hypodernia, - - - . 


233 

Jamesianum, Aecidium, - 


411 

Hypodermieae, 


233 

Jenseni, Uatilago, - 


288 

Hypodermella, 


234 

Johanaonii, Taphrina, 147, 150, 

152, 157 

hypodytes, Uatilago, 


293 

,, Urocystis, 


319 

hypogaea, Kiptera, 


254 

juglandinum, Cladoaporium, - 


510 

Hypomyces, - - . - 


184 

juglandia, Maraonia, 


491 

hypophyllum, Cladoaporium, - 


511 

,, Microstroma, - 


497 

Hysteriaceae, .... 


232 

junci, Puccinia, 


354 

Hyaterineae, .... 


232 

,, Tolypoaporium, 


305 

Hysterium, .... 


237 

,, Urocystis, • 


319 

Hysterographiuni, . 


232 

„ Uromyces, • 


336 



juncicolum, Rhytisma, . 


246 

I 



juniper!, Clithris, - 


248 



,, Stigmatea, 


211 

igniarina, Polyporua, - 35, 433, 441 

juniperinum, Gymnosporangiuro, • 

391 

„ „ var. pinuum. 

447 

„ Lophodermlum, - 

• 

240 
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Kaufmanniana, Peziza, 

265 

kentiae, Colletotncbum,- 

488 

Kemeri, Sclerotinia, 

270 

Klebahni, Pendermmm, 

376, 414 

Kmetiana, Urocystis, 

319 

knautiae, Peronospora, 

132 

Knyanum, Chlorochytrmm, 

550 

Kochii, Stnckena, - 

205 

Kolaczekii, Ustilago, 

292 

Kollen, Uetilago, 

287 

Koorderaiana, Usttlago, 

298 

Knegenanutn, Cladothytnum, 

114 

Kruchii, Taphnna, 147, 

, 150, 151 

Kubneana, Ustilago, 

298 

L 


Labrella, 

480 

laburni, ( ucurbitaria, 

6, 206 

, , Physalospora, 

218 

laceianum, Phragmidium 

363 

lacerata, Roestelia, 

385 

Lacbnella, 

272 

laciniata, Tbelepbora 

429 

lactea, Ovulana, 

500 

lactucae, Bremia, 

131 

Laestadia, 

216 

laetum, Syncbytrium, 

111 

laevigatus Polyponis, 

445 

laevis, Tilletia, 

309 

Lagenarium, Colletotricbuin, 

486 

Lagerheimii, Leuconostoc, 

143 

,, Ustilago, 

299 

lamii, 0^ula^a, 

501 

lampsanae, Puccinia, 

340 

,, Ramularia, 

502 

laneola, Myxosponum, 

486 

lapponicus, Uromyces, 

337 

lancina, Spbaeiella, 

211 

lancinum, Leptostroma, 

212 

,, Lophodermium 

240 

lancis, Caeoma, 366, 367, 419 

„ Heterosporium 

516 

,, Hypodermella, 

234 

Lasiobotrys, 

182 

lathyn, Thecaphora, 

324 

latbynnum, Diooccum, 

506 

Laurencia, Taphnna, 29, 148, 149, 153 

laureolae, Sphaerella, 

215 


laun, Exobasidium, 

PAG® 

31,427 

ledi, Chrysomyxa, 

378 

„ Exobasidiutn, 

31, 427 

„ Sclerotinia, 

263 

leguminosarum, Rhizobiujn, 

> 101 

Leimbachii, Urocystis, - 

317 

lemnae, Chlorocbytnum, 

549 

„ Cornnella, 

322 

„ Olpidium, 

107 

lepidii, Aecidium, 

410 

lepigoni, Cystopus, 

127 

leproides, Oedomyces, 

313 

leproidura, Entyloma, 

313 

Leptopuccinia, 

359 

leptosperma, Peronospora, 

134 

Leptosphaeria, 

220 

Leptostroma, 

480 

Leptostromaceae, 

479 

leptostromiforme, Cryptosponura, 489 

Leptothynum, 

479 

Letendraea, - 

184 

leucanthemi, Aecidium, 

351, 409 

„ Puccinia, 

351 

Leucochytrium, 

112 

leucogonmm, Oidium, 

499 

Leuconostoc, 

143 

leucospermum, Aecithum, 

409 

lichenoides, Nostoc, 

546 

hgustn, Aecidium, ' 

409 

,, Caeoma, 

419 

lihacearnm, Puocmia, 

356 

limbalis, Phyllosticta, 

464 

limonii, Uromyces, 

334 

limonis, Fusanum, 

521 

limosae, Puccinia, 

351 

limosellae, Doassansia, 

324 

linanae, Entyloma, 

312 

„ Peronospora, 

134 

Lindemutbianum, Colletotncbum, 486 

lineolatus, Uromyces, 

336 

Linhartiana, Monilia, 

261 

lini, Melampsora, 

369 

„ Peronospora, 

134 

loin, Tilletia, 

310 

longipes, Taphnna, 

147, 151, 162 

longissima, Phoma, 

- 469 

,, Puccinia, 

354 

,, Sphaerella, 

. 216 

,, Ustilago, 

• 293 
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lonicerae, Lasiobotrys, - 

PAGE 

182 

„ MicroBphaera, 

176 

lophanti, Peronospora, 

134 

lophiostomoides, Phoma, 

467 

Lophoderiyium, 

235 

lucillae, Sphaerella, 

- 476 

Ludwigii, Saccharomycefl, 

141, 143 

lumiuatum, Caeoma, 

419 

lupmi, Uromyces, - 

337 

luteBoens, Taphrina (Magpusiella), 

148, 149, 154 

luzulae, Urocystia, *> 

- 316 

„ Ufitilago, 

294 

lychnicola, Ovulana, 

- 500 

lychmdis, Septoria, 

- 478 

lycii, MicrOBphaera, 

176 

lycopersici, Colletotnchum, 

487 

„ Fusanum, 

520 

,, Septoria, 

477 

lycopi, Aecidium, 

411 

M 


macrocarptm, Cladosporium, 

510 

macropue, Gymnoeporangium, 

391, 402 

macroBora, Uredo, 

420 

Macrosporium, 

517 

macrosporum, Aecidium, 

411 

, Hysterium, 

217 

,, Lophodermium, 

34, 2.17 

macrosporus, Protomyces, 

31, 138 

maculaeformis, Venturia, 

218 

maculans, Ascochyta, 

473 

maculare, Aeteroma, 

470 

maculatum, Entomosporium, 

480 

macuhformis, Laestadia, 

216 

,, Pbyllosticta, 

464 

Magelhaenicum, Aecidium, 

409 

Magnusia, 

178 

Magnusiana, Puccima, 

349 

MagnuBiella (see Tapbnna), 146, 148, ISl' 

Magnusu, Endomyces, 

143 

„ Entyloma, 

312 

,, Puccima, 

350 

major, Ustilago, 

297 

mall, Hendersoma, 

475 

malorum, Spbaeropsis, 

472 

malvacearum, Pboma, - 

469 

,, Puccima, 

359 

mal varum, Cercospora, 

515 


mal varum, Colletotrichum, - • 487 

malvicola, Ascochjta, • 473 

Mamiauia, • <• • 223 

mammillata, Puooinia, • 355 

Marconii, Dendropfaoma, • 439 

marginabs, Ustilago, 298 

marginatus, Polyporus, 449 

Manae Wilsoni, Aecidium, 410 

mantimus, Uromyoes, 336 

Marsonia, • - 490, 506 

Martianoffiana, Doasaansia, - 324 

martu, Erysiphe, 175 

Masseela, - 361 

Mastigosponum, 504 

maxima, Tubercuhna, 328 

maximus, Cryptomyces, 246 

maydis, Puccmia, 353 

, , Ustilago, 67, 279 

megalospora, Sclerotima, 260 

Melampsora, 48, 53, 74, 363 

Melampsorella, 370 

melampyn, Aecidium, 349 

,, Coleosporium, 37(» 

Melanconideae, 226 

Melanconieae, 482 

melangeae, Gloeosporuini, 483 

melanogramma, Schizonella, 305 

Melanomeae, - 206 

Melanospora, - 8, 184 

Melauotaeniiim, • 313 

Melasmia, - 479 

Mehola, 181 

melleus, Agaricus (Armillaria), 6, 455 

melopbthorum, Stolecotnohum, 508 

menthae, Puccima, • 341 

menyaothiB, Cladochytnum, • 114 

mercunaliB, Caeoma, * - 366, 367, 419 

„ Synchytnum, 113 

Merulius lacrymauB, 40, 46, 442 

Mesochytrium, 110 

meapili, Entomosporium, 481 

,, Morthiera, • 210 

,, Stigmatea, • 210 

mespilmum, Oidium, 499 

metuliBpora, ABCochyta, - 473 

microcephala, ClavicepB, - - 194 

microchaeta, Vermicularia, - * 471 

MicroooccuB, • 143, 531, 535 

Micropuccinia, • • • 356 
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microBora, Puccinia, 

355 1 

myrtillma, Podospbaeia, 

175 

miattwpema, Passalora, 

506 

Mystrospormm, 

518 

Micreaphttera, 

176 

Myxomycetes, 

135, 522 

microsporum, Entyloma, 

312 

Myxosponum, 

486 

Microstroma, 

497 



Microthynnm, 

179 

N 


millefolii, Puccinia, 

- 361 

Naegelia, 

326 

mmimuB, Cepbaleuros, 

553 

Naevia pmiperda. 

238 

minor, Taphnna, 147, 150, 153, 164 

nana, Taphnna, 147, 149, 153, 161 

,, Uromyees, • 

338 

napi, Pleospora, 

- 221 

minus, Cylindrosporium, 

489 

Napicladium, - 

• 516 

mirabitis, Taphnna, 

147, 151 153 

necans, Ovulana, 

500 

mirabilissima, Puccinia, 

340 

necator, Gloeosponum, 

483 

mixta, Melampaora, 

.368 

necatnx, Dematophora, 

202 

modestum, Bostnchonema, 

501 

Nectria, 

• 185 

moliniae, Neovossia, 

311 

Nectriella, 

184 

,, Puccinia, 

149 

^ectlOldeae, 

479 

Mollen, Uatilago 

298 

negleeta, Ustilago, 

292 

raolhs, Polyporus, 

448 

nelans, Ovulana, 

261 

Mollisia, 

254 

nemoralis, Puccinia, 

349 

Mollisieae, 

253 

Neovossia, 

311 

Mompa, Helieobasidiuin 

429 

nepalense, Phragmidium, 

363 

Mon ilia, 

261 497 

nenella, Cercospora, 

515 

monilioidea, Oidium, 

175, 499 

iiervisequium, Gloeosfonum, 

229, 484 

monoicuin Aecidmm, 

410 

„ Lophodermium, 

239 

Monospora, 

138 

mcotianae, Ascochyta, 

473 

monotropae, Urocystis, 

319 

nidus vvis, Gymnosporangium, 

403 

montana, Puccinia, 

340 

Niesshi, Doassansia, 

323 

morbosa, Plownghtia, 

231 

,, Sphaerotheca, 

174 

"ihon. Bacterium, 

534 

nigra Herpotnchia, 

199 

,, Cladochytrium, 

114 

nigricans Claviceps, 

195 

,, Phleospora, 

- 478 

,, Polyporus, 

452 

,, Septogloeum, 

496 

nigricantium, Macrosponum, 

518 

, , Sphaerella, 

215, 478 

nigro luaculans, Septona, 

478 

moncola, Gibberella, 

184 

Niptera, 

254 

mors uvae, Sphaerotheca, 

173 

nitens, Caeoma, 

419 

Mortbieri, Mollisia, 

254 

ni\ea, Plasmopara, 

128 

,, Puccinia, 

359 

nobile, Macrosponum, 

518 

Mucedineae, 

497 

Nostoc, 

541, 546 

Mucor, 

180 

nuda, Ustilago, 

288 

Muelleri, Uredo, 

420 

nymphaeae, Entjloma, 

313 

mutila, Dothiora, 

249 

nymphaeoides, Aecidmm, 

351, 410 

Mycoidaceae, 

552 



Mycoidea, 

552 

0 


Mycoidea, Cepbaleuros, 

552 

obducens, Plasmopara, 

131 

Mycomycetes, 

135 

obliqua, Ovulana, 

501 

royosotidis, Aecidmm, 

411 

oblongata, Puccinia, 

354 

„ Peronospora, 

134 

oblongisporuim, Peridennium, 

376, 414 

,, Syncbytrium, 

111 

obscura, Puccinia, 

352 
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obscurum, Polystigma, 

190 

obtusa, Paccinia, > 

341 

occulta, Doassansia, 

824 

,, Urocystis, - 

315 

ochraceum, «Polystigma, 

190 

Ochrospora, - 

369 

octoloculare, Fhragmidium, 

363 

oenotherae, Aecidium, 

. 411 

,, Puccmia, 

355 

officinalis, Polyporus, 

452 

Oidinm, 

144, 175, 499 

oleae, Bacillus, 

532 

oleagiuum, Cycloconium, 

50t> 

Oleina, 

- 138 

ohda, Tilletia, 

310 

ohgochaetum, Colletotnchum, 486 

olivacea, Ustilago, 

294 

olivaceuTU, Penicillium, 

180 

Olpidiaceae, 

- 106 

Olpidiopsis, 

107 

Olpidium, 

10b 

omnivoia, Phytophthora, 

71, 83, 117 

onobrychidis Aecidium, 

410 

,, Diachora, 

230 

Oomyces, 

184 

Oomycetes, 

- 115 

Oospora, 

497 

Ophiobolus, 

222 

orchidis, Caeoma, 

36S 419 

oreophila, Sclerotinia, 

259 

oreoseluu, Puccmia, 

353 

onentale, Pendermium, 

415 

ornameutale, Aecidium, 

410 

ornithogah, Heterosponum, 

516 

,, Urocystis, 

316 

,, Uromyces, 

338 

,, Ustilago, 

299 

orobanches, Urocystis, 

319 

orobi, Uromyces, 

333 

oryzae, Pincularia, 

501 

,, Sclerotium, 

266 

,, Tilletia, 

310 

,, Ustilagmoidea, 

311 

OBSifragi, Eutyloma, 

311 

ostryae, Taphrma, 

148, 150, 154 

Ovularia, 

261, 500 

oxyacanthae, Phleospora, 

478 

,, Podosphaera, 

174 

oxybaphi, Peronospora, 

135 


PAGE 


oxycocci, Exobasidium, 

426 

,, Sclerotinia, 

259 

oxyriae, Puccmia, 

355 

oxystoma, Valsa, 

224 

P 

pachydermus, Protomyces, 

141 

padi, Asteroma, 

470 

„ Cylmdrosponum, 

489 

,, Melampsora, 

370 

„ Sclerotmia, 

201 

Paipalopsis, 

322 

paliformis, Puccmia, 

354 

pallescens, Thecaphora 

325 

pallidum, Chlorochytrium, 

550 

pallidus, Uromyces, 

338 

pallor, Ascochyta, 

473 

paludosa, Puccmia, 

351 

pandani, Melanconium, 

188 

,, Nectria, 

188 

pamci frumentacei, Ustilago, 

292 

„ leucophaei, ,, 

291 

,, mdiacei, ,, 

289 

pannosa, Sphaerotheca, 

172, 499 

papillatum, Phragmidium, 

363 

,, Synch 5 rtrmm, 

109 

parasitica, Botrytis, 

500 

,, Mycoidea, 

552 

,, Peronospbra, 

133 

, , Septona, 

47 5 

,, Tetramyxa, 

529 

, , Tnchosphaena 

10, 196 

parasiticum, Fusoma, 

504 

parasiticus, Cephaleuros, 

552 

paridis, Puccmia, 

349 

Parlatorei, Ustilago, 

2<)8 

pamassiae, Aecidium, 

- 352 

„ Uiomyces, 

334 

paspalus dilatati, Ustilago, 

294 

Passalora, 

506 

pastinacae, Cercosporella, 

503 

Patella, Heterosphaena, 

249 

Pazscbkei Puccmia, 

359 

Peckiana, Puccmia, 

341, 419 

Peckii, Aecidium, 

411 

,, Exobasidium, 

427 

,, Pendermium, 

417 

pedicillata, Thelephora, 

. 429 

pediculans, Aecidium, 

351, 410 
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PeUiculana, 

181 

penicillanae, Tolyposponum, 306 

penicillata, Roestelia, 

385, 380, 391 

Penicilhum, 

3, 4, 180 

pentaBtemonis, Aecidmu 

411 

Penzigi, Meliola, 

181 

perdix, Thelephora, 

3), 429, 430 

perennana, Uatilago, 

288 

periclymeni, Aecidium, 

1 

1 

,, Ascochyta 

473 

,, Leptoth> num, 

479 

Pendermium, 

374 411 

Penphlegmatium, 

551 

Perisporiaceae, 

170 

Penaponeae, 

178 

Penaponum, 

179 

Peronospora, 

H2 

Peronoaporeae, 

7, 13, 115 

,, remedies 

68 

perplexans Puccmia 

149 

persicae, Cercospora, 

513 

, Oercoaporella 

503 

,, Phylloaticta, 

463 

peraicina, Tuberculin a 

327 

peraiatens Puccinia, 

349 

Peraonu, Quaternaua, 

226 

Pestalozzia, 

491 

Peatalozzma, 

494 

petasitidiB, Coleroa 

195 

Peteraii, Aecidmin 

410 

petroselini, Septona, 

476 

Pezicula (see Dermatea) 

253 

Peziza 

271 

Pezizeae 

253 

Phaculiaceae 

241 

phacidioidea Sphaeronema, 

, 255 

Phdcidium 

241, 255 

Phaeophila 

551 

Phaeophyceae, 

554 

Phakoapora, 

- 361 

phalandia, Puccima, 

349 

phaseoli, Phytophthora 

122 

„ Uromyces, 

334 

phaaeolina, Phylloaticta, 

464 

phillyreae, Aecidium, 

410 

,, Uredo, 

420 

phlei pratenaiB, Puccima, 

348 

Phleospora, 

478 

Phoenicia, Graphiola, 

325 
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Phoenicia, Pestalozzia, 
Pholiota = Agancua 

494 

Phoma, 

465 

phomoidea, Gloeoaporiiim, 

483 

Phragmidium, » 

362 

phragmitia, Puccima 

349 

Phycomycetea, 

106 

Phyllachora, 

229 

Phyllactima, 

178 

Phyllobmra dimorphum, 

551 

Phyllosiphon ariaari. 

553 

Phylloaticta, 

463 

Phyaaloapora 

217 

Physoderma, 

114 

Pbytaphyaa Treubii 

554 

phyteumatum Uromyces, 

338 

Phytomyxa, 

101, 524 

Phytophthora, 

117 

piceae, Chryaomyxa, 

380 

Pendermium 

417 

puipes Polyporus 

452 

picrulia, Entyloma, 

312 

Puccima, 

365 

Piggotia astroidea 

230 

Pilacreae, 

421 

pilihcum, Synchytrium, 

111 

pimpinellae, Puccima, 

340 

, Thecaphoia, 

325 

pinaatiella, Phoma 

468 

pinastn Lophodermium, 

235 

pinguicolae, Uatilago, 

297 

pini Brunchoiatia, 

481 

,, Lachnella, 

272 

, Pendermium, 

411, 415 

„ Irametes, 

38 453 

pinicola, Hypoderma, 

234 

, Polyporus, 

449 

pimtorquum, Caeoma, 

364 

pmophilum Apioaporium, 

181 

piperatum, Gloeosporium 

483 

Piptocephalis, 

11 

pirata, Roestelia, 

391, 402 

piricola, Septona, 

476 

Pinculana, 

503 

pmforme, Pendermium, 

414 

piriformis, Mucor, 

180 

pinna, Phylloaticta, 

463 

pirinum, Fusicladium, 

218, 507 

, Ventuna, 

. 218 
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pirolae, ChryBomyxtt, 


- 380 

pupnlina, Didymosphaeria, • 218, 249 

„ Iritelan^ra, 
pisana, • 


- 370 

- 226 

,, Melampsora, ■ 

Poria = Polyporus. 

367 

pisi, Ascochy^a* - 


• 472 

porri, Pucciuia, - • . . 

341 

,, Cladosporium, 


- 510 

portulacae, Cystopus, 

127 

„ UramyoiM^ 


- 334 

postuma, Peziza, .... 

268 

pithya, Phooia, 


- 466 

potentillae, Coleroa, 

195 

pityophila, Cucarbitaria, 


• 210 

„ Magnusiella, 

148 

Placosi^aeria, 


• 471 

,, Marsonia, - - 195 

491 

plantagiais, Aecidiutn, - 


- 411 

,, Peronospora, 

134 

„ Hainularia, - 


- 602 

,, Phragmidiura, 

363 

Flasmodiopbora, • 


- 524 

,, Taphrina, - 148, 151 

154 

Plasmopara, - 


. 127 

praecox. Fiisicladium, • 

508 

platani^ Fenestella, 


- 229 

pratensis, Ramularia, 

502 

„ Fusarium, - 


- 184 

prenanthis, Puccinia, 

340 

Pleolpidimn, - 


- 107 

priniulae, Puccinia, 

341 

Pleonectria, - 


- 184 

„ Uromyces, 

334 

Pleospora, 


221, 511 

primulana, Ovularia, 

500 

Pleoaporeae, - 


- 217 

primulicola, Phyllosticta, 

465 

Pleotrachelus, - - 1 

>, 25, 28, 107 

,, Tuburcinia, 

321 

Plowrightia, - 


- m 

princeps, Calosphaeria, • 

226 

Plowrightii, PerideriTiium, 


376, 414 

Pringsheimiana, Puccinia, 

m 

plunibea, Ustila^fo, 


- 299 

proeminens, Uromyces, - 

.337 

poae, Uromyces, 


■ 336 

profusa, Aglaospora, 

229 

poarum, Pnccinia, • 


• 348 

profusum, Septogloeum, 

496 

podagrai’iae, Actinonema, 


- 474 

proserpinacae, Aecidium, 

410 

, , Phyllachora, 


- 229 

Prosti, Puccinia, .... 

359 

Podiosoma jnniperi, 


- 465 

Protobasidiomycetes, 

421 

Podocapsa, 


- 138 

Protomyces, - - - ■ 7, 31, 138 

podophylli, Phyllosticta, 


- 465 

pruinosa, Ramularia, 

502 

Podoephaera, - 


- 174 

,, Sphaerotheca, 

174 

polemonii, Aecidium, 


- 411 

prunastri, Dermatella, - 

252 

polygoni, Peronospora, - 


135 

„ Uncinula, 

178 

, , Puccinia, 


. 355 

prunellae, Aecidium, 

410 

,, Uromycea, 


■ 334 

,, Asteroma, 

470 

polygonorum, Stigmatea, 


- 211 

pruni, Puccinia, .... 

.355 

polymorpha, Bulgaria, - 


- 253 

,, Taphrina, ■ - 147, 151-154 

polypodii, Sphaerella, - 


- 215 

prunicola, Uidyinaria, • 

.501 

„ Uredo, - 


- 420 

„ Phyllosticta, - 

46.3 

Polyporeae, - 


6, 17, 43:1 

pseudocerasus, Kxoascus, 

164 

,, action on starch, - 

34 

pseudocolumnare, Aecidium, • 

409 

,, remedies, 


70, 72 

Pseudocommis, . . . . 

529 

Polyporus, 

. 

- 433 

pseudoigniarius, Polyporus, - 

440 

polyspora, Taphrina, 148, 15 

, 154. 168 

Pseudolpidium, . . - . 

107 

Polystictis, 


- 452 

Pseudopeziza, .... 

254 

Polystigma, - 


7, 189 

Pseudophacidieae, .... 

246 

Polythrincium, 


- 229 

pseudoplatani, Septoria, - 

478 

populi, Marsonia, > 


- 491 

Pseudorhytisma, . - . - 

255 

„ Septoria, - 


■ 478 

psendotuberosa, Ciboria, 

270 
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pseudotuberosa, Sclerotioia, 

- 270 

psoraleae, Aecidium, 

- 410 

ptarmicae, Leptothyrium, 

- 242 

,, Schizothyrium, 

- 242 

pteleae, Aecidium, - 

- 410 

pteridU, Cryptomyces, - 

- 248 

,, Fusidium,- 

- 248 

,, Uredinopsia, 

■ 42(> 

Puccinia, 

- 339 

Pncciniosira, - 

- 404 

Pucciniopais, - 

- 356 

pulchella, Ovularia, 

- 500 

pulicaris, Gibberella, 

- 184 

pulpoaum, Cladochytrium, 

- 114 

pulaatillae, Coleosporiura, 

- 377 

pulverulenta, Puccinia, - 

- 341 

punctata, Melasmia, 

- 480 

punctatum, Aecidium, - 

- 23, 409 

,, Rhytiama, - 

- 244 

,, Synchytriam, 

- 112 

puuctiforme, Leptoatroma, 

- 480 

, , Noatoc, 

- 541 

punctiforrais, Phyllachora, 

- 241 

punctuni, Synchytrium, - 

- Ill 

pupurascens, Taphrina, • 

147, 151, 153 

purpurea, Claviceps, 

- 7, 29, 191 

„ Puccinia, 

. 353 

,, Urocystis, 

- 319 

puailla, Claviceps, - 

- 195 

,, Plasmopara, 

. 130 

pustulata. Bur i Ilia, - 

- 322 

,, Melainpsora, - 

. 370 

putrefaciens, Sporidesmium, 

, - 221, 465 

pychroa, Calonectria, 

- 184 

Pycnia, ---- 

- 226 

Pycnochytriuin, 

- 109 

pygmaea, Plasmopara, - 

- 130 

pymaea, Ravenelia, 

- 403 

Pyrenochaeta, 

- 470 

Pyrenomycetes, 

- 183 

Pyroctonum, - 

- 114 

Pythium, 

4, 116 

Q 


quadrifidum, Aecidium, - 

- 409 

Quaternaria, - 

- 226 

quercina, Clithris, - 

. 248 

, , Colporaa, 

- 248 

„ Rosellinia, 

. 200 


qnerciuum, Capnodium, - 

PAGE 

- 181 

quercus, Maraonia, 

- 491 

„ Uredo, - - 

- 420 

quercuB-ilicis, Gnomonia, 

- 223 

quinqueloculare, Pbragmidinm, 

- 363 

R ' 

Rabenhorstiana, Ustilago, 

- 291 

racemoBUB, Muoor, - 

- 180 

rodiatus, Polyporus, 

- 452 

radiciperda, Trametes, - 

- 450 

radicola. Bacterium, 

- 101 

radicolus, Protoniyces, - 

- 141 

radioBum, Asteroma, 

- 474 

Ramularia, - - . - 

- 501 

ramuloBum, Macrosporium, - 

- 618 

ranunculacearum, Aecidium, - 

- 409 

ranunculi, Entyloma, 

- 312 

,, Fabraea, 

- 2,55 

,, Stigmatea, - 

- 210 

Rauwenhoffii, Tilletia, - 

- 310 

Ravenelia, .... 

- 403 

Ravenelii, Peridermium, 

- 416 

Reessia, 

- 107 

Reiliana, Ustilago, - 

- 282 

repandum, Phaculiuin, - 

- 241 

repentis, Melampsora, - 

- 368 

resedae, Cercospora, 

- 515 

rhamni, Aecidium, - 

- 346 

rhinanthi, Sclerotium, - 

- 266 

Rhizina, 

- 272 

rhizipes, Taphrina, - 147, 

151, 152 

Rhizobium, - . - - 

- 101 

Rhizoctonia, - - - - 

201, 274 

rhizoides, Sclerotium, - 

- 266 

vhizophora, Taphrina, 147, 150, 152, 157 

rhodiolae, Puccinia, 

- 359 

rhododendri, Apiosporium, - 

- 181 

,, Chrysomyxa, - 

- 377 

,, Exobasidium, - 

- 427 

,, Gloeosporium, - 

- 485 

,, Hendersonia, - 

- 476 

„ Sclerotinia, 

- 262 

Rhodomyces, . - - - 

- 143 

Rhodophyceae, 

- 565 

Rhytiema, . - - - 

71, 242 

rhytismoides, Dyacomycopsis, 

- 245 

ribesia, Scleroderris, 

- 251 

ribesii, Caeoma, 

- 368 
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nbicola, Plasinopara, 

131 

ribicolum, Cronartium, - 

382 

nbis, Gloeospormm, 

483 

,, Polyporus, 

452 

„ Puccinia, 

359 

,, Septoria, 

476, 615 

robertiaui, Stigmatea 

210 

robiniae, Dothiorella, 

229 

Robinsoniana, Taphrma, 

150, 162 

rosae, Actinonema, 

474 

„ Dicoccum, 

506 

,, Gloeosporium, 

483 

,, Marsoma, 

506 

Septoria, 

478 

rosae alpinae, Phragmidium, 

362 

rosaecola, Cercoapora, 

515 

losea, Ovulana, 

501 

Roselhnia, 

200 

rostratum Urobaaidium, 

427 

Roatrupia, 

354 

Roatrupiana Taphrma, 147, 151, 152, 156 

Rostrupu, Periderimum, 

377 

Rousseauana, Fabraea, 

255 

Rouselliana, Nectna, 

188 

rubefaciens, Puccinia, 

359 

rubelluni Aecidium, 

149 

rubescens, Ascoidea, 

141 

rubi Exospormm, 

195 

,, Phragmidium, 

363 

, Septoria, 

476 

,, idaei, Phragmidium, 

163 

,, ,, Pyrenochaeta, 

470 

„ mmiatum, Phragmidium, 

363 

rubigo vera Puccinia, 

,147 

rubra, Endosphaera, 

>51 

rubrocuictuin, Sjnchytriuni, 

112 

rubrum, Polystigma, 

189 

ruhbasis, Bamularia, 

502 

rufomaculans, Ramulana, 

502 

lumiciB, Uromyces, 

337 

,, Venturis, 

218 

rumicis Bcutati, Puccinia, 

355 

ruBcicola, Phyllosticta, • 

465 

S 

sabinae, Gymnosporangium, 

74, 395 

sacchari, Inchosphaena, 

198 

„ Ustilago, 

284 

,, ciliaris, Ustilago, 

284 


PAGE 

sacchannum, Cylmdrosponum, 489 

Sactharomyces, 8, 143 

Sadebeckianura, Pythuim, - 117 

hadebeckii, Taphrma, 148, 150, 154, 168 
sagittariae, Doassansia, 322, 323 

sahcina, Melampaora, 167 

,, Melasmia, 480 

salicmum, Capnodium, 181 

,, Didymosporium, 490 

,, Rhytisma, 245 

Bahcinus, Polyporus, 452 

salicis, Uncinula, 178 

sahcis capreae Melampsora, 168 

salicorniae, Liomyces, - 134 

Bambuu, Aecidium, 411 

,, PhylloBticta, 464 

sanguineuni, Synchytrium, 109 

sangumolenta, Phoma, 468 

sanguisorbae, Phragmidium, 363 

saniculae, Pucciuia ,14 1 

saponanae, ^orobponum, 325 

Saprolegniaceae, 115 

sarcmaeformae Macrospotiuin 517 

sarcinula, Marrosporium, 518 

saxxfragae Caeoma, 419 

, Puccinia, 359 

BcabioB, Oospora 497 

Bcabiosae, Ascochyta, 471 

,, I stilago, 294 

Bcelerata, Ovularia 501 

Schachtu, Peronospora, 132 

Sthiedermayeri Hydmim 4.13 

Schinzia, 326 

Schin/ianutn, Exobasidiuin, 427 

Schizomycetes, 530 

Schi/onella, 305 

SchizoBpora, 361 

Schizothyrium, - 242 

Schleideni, Peronospora, 132 

Scbneiden, Puccinia, > 359 

Schoclenana, Puccinia, 350 

Schrocden, Puccinia, 359 

Schroeteri, UromyceH, 337 

Schroetena, • 328 

ScbrocteriaBter, - 337 

Schweinfurthiana, Ustilago, 299 

Schweinfurthii, Aecidium, - > 410 

Schweimtzii, Polyporus, 448 

„ Ustilago, 281 
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scillae, Puccmia, 

359 

scillarum, Uromyces, 

338 

scirpi, Puccmia, 

362 

Scleroderris, 

250 

Sclerospora, 

131 

Sclerotmia, 3, 7, 

16, 29, 256 

sclerotiorum, Peziza, 

263 

,, Sclerotmia, 

2 4, 263 

Sclerotmm, 20b, 431, 500 

Scolecotrichum, 

508 

scorzoiierae, Ustilago, 

296 

Scotmosphaera paradoxa 

550 

Scribnenanum ( ladosporium 

511 

scrophulanae Uromyces, 

33S 

scutellatus, Uiomyces, 

336 

Scytonema 

541 

secales Bacillus, 

535 

secalis Tilletia, 

310 

, Ustilago 

289 

stdi Endophyllum 

404 

, Puccmia, 

359 

, Septona, 

478 

Selinia 

184 

senimum Ustilago, 

297 

sempcrviM Endophyllum 

13 404 

senecionis Coleospormm 

374 

, Ovulana, 

500 

, Puccmia 

3o6 

sentma >i»haerclla 

216 

separata J illctia 

310 

septeiiti loiialis Puccmia 

352 

Septocylmdrium 

505 

Septogloeum, 

495 

Septona 

475 

Septospoiium, 

518 

serotmiim, Entyloma 

312 

sesleriae, Puccmia, 

349 

,, Tilletia, 

310 

sessilis Puccmia, 

349 

setariae, Ustilago, 

291 

„ Ustilagmoidea 

311 

setosum, Ceratophoruin 

611 

setulosa, Claviccps, 

195 

Sherardiana, Puccmia, 

360 

811 latifolii, Aecidium, 

336 

silenes, Puccmia, - 

340 

,, Uromyces, 

334 

simplex Puccmia, - 

347 

simulans, Olpidium, 

107 


PAOk 

singulans, Puccmia, 358 

Sistotrema, 413 

siBtotremoides, Polyporus, 448 

fehme fungi, 522 

smilacis, Aecidium, 411 

stnyrmi, Puccmia, 356 

solani, Alternana, 517 

Hypnochus, 428 

„ Macrosponum 517 

Phoma, 468 

, Rhizoctonia, 202 

, Schmzia (Entorrhi/a), 326 

soldanellae, Puccmia, 341 

sohdaginis Uromyces, 338 

Sommerfdtii, Aecidium, 352 

feonchi Coleospormm, 376 

,, Puccmia, 355 

Soiaueri Pendermium, 376, 414 

Sorauenana, Pestalo//ma, 495 

sorbi, Cucurbitaria, 210 

„ Melampsora 369 

, Phoma, 468 

sordida Peronospora, 134 

&orghi, Bacillus, 534 

, Cintractia, 302 

Eiidothlaspis, 302 

Fusicladium 508 

Puccmia, 353 

, Uredo, 420 

, Ustildgo, 284 

Sorosphaera, 530 

sorospoiioides, IJrocystis 317 

Sorosponum 325 

sparsa, Melampsora, 370 

, Peronospora, 133 

sparsus, Uromyces, 337 

speciosura, Gymnosporangium, 403 

, Phragraidium, 362 

spergulae Puccmia, 361 

bphaceloma, 467 

isphacelotheca, 302 

Sphaerella, 211 

Sphaerelloideae, 210 

Sphaeriaceae, ' 184, 195 

Sphaenoideae, - 463 

sphaerogena Ustilago, - 291 

sphaeroidea, Dothidea, 230 

,, Ovulana, • 601 

sphaeroides, Dothiora, • 218, 249 
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Sphaeronetna, ... - 

• 469 

snbinclusa, Cintractia, . 


- 302 

Sphaerophragmium , 

• 361 

,, Ustilago, 


- 301 

Sphaeropsideae, 

- 463 

subtecta, Leptosphaeria,- 


- 221 

SphaeropsU), .... 

- 472 

subtilis, Coleroa, - 


- 195 

spbaeropsoidea, Phyllosticta, - 

- 464 

succisae, Synchytrium, ■ 


- 110 

Sphaeroatiibe, .... 

- 184 

,, Ustilago, - 


- 296 

Sphaerotheca, .... 

- 171 

suffocata, Pestalozzia, • 


- 494 

aphagai, Tilletia, • 

- 310 

suffulta, Phyllactinia, - 


- 178 

gpinaciae, Colletotrichum, 

- 487 

sulcigena, Hypodermella, 


- 234 

spinificis, Ustilago, - 

- 299 

Bulphureus, Polyporus, - 


6, 437 

spinulosus, Cystopus, 

- 127 

sylvatica, Puccinia, 


- 351 

spiralis, Uncinula, - 

- 176 

symmetricum, Rhytisma, 


- 246 

spissa, Didymaria, - 

- 501 

symphyti, Uredo, - 


- 420 

splendens, Aecidium, 

- 410 

symploci, Exobasidium, 


- 427 

Sporidesmium, 

221, 511 

synantherearum, Coleosporium, 

- 377 

Sporodesmium, 

- 517 

Syncephalis, - 


11,28 

spameus, Polyporus, 

- 452 

Synchytriaceae, 


- 107 

spurium, Sphaeionema, - 

- 253 

Synchytrium, 


- 108 

squamosus, Polyporus, - 

• 443 

syringae, Ovularia. 


- 501 

squarrosns, Agaricus, 

- 462 




stachydis, Puccinia, 

- 356 

T 



„ Septoria, 

- 478 

tabaci, Oidium, 


• 499 

Stagonospora, .... 

- 475 

,, Phyllosticta, 


. 464 

Stahlii, Periderinium, - 

376, 414 

tabifica, Phyllosticta (Sphaerella), - 464 

stellariae, Synchytriuni, - 

- Ill 

taleola, Aglaospora, 


- 226 

Stemphylium, .... 

- 182 

,, Diaporthe, • 


- 226 

Btereum, 

- 429 

tanaceti, Puccinia, - 


. 3oo 

stictica, Pestalozzia, 

- 494 

Taphria = Taphrina, 


. 146 

stictoides, Leptosphaeria, 

221 

Taphrina, - - -7, 

29, 

146, 148 

Stigmatea, .... 

- 210 

Taphrinopsis, - 


- 148 

Stilbeae, 

- 519 

taraxaci, Puccinia, 


- 353 

stolonifer, Mucor, - 

- 180 

„ Synchytrium, - 


22, 108 

Stomatochytrium, - 

- 550 

taxi, Capnodium, 


- 181 

sfcrauiinis, Puccinia, 

- 347 

,, Phoma, - 


- 468 

Btraussii, V enturia, 

- 218 

„ Sphaerella, 


- 215 

Streblonemopsis irritans, 

- 555 

tenuistipes, Puccinia, 


- 351 

striaeformis, Puccinia, - 

. 347 

Tepperianns, Uromyces, 


- 338 

striatuB, Uromyces,. 

- m 

terebinthi, Uromyces, - 


- 337 

Strickeria, .... 

. 204 

teres, Helminthosporium, 


■ 512 

striiformis, Tilletia, 

• 310 

Tetramyxa, - 


- 529 

strobi, Peridemuam, 

382, 415 

thalictri, Aecidium, 


- 349 

„ Phoma, 

- 468 

„ Entyloma, 


- 312 

^robioola, Hypd^crma, . 

- 233 

,, Puccinia, 


- 358 

strobilinum, Aecidium, - 

- 407 

Thecaphora, - 


- 324 

struthiopteris, Ureditw^ia, - 

. 420 

Thecopsora, - 


- 370 

StysanuB, .... 

- 519 

thelebola, Aglaospora, • 


- 226 

suaveolens, Puccinia, 

• 353 

„ Melanoonium, 


• 226 

„ Trametes, - 

- 465 

Tbelephora, 


- 429 

subcorticium, Phraginidium, ■ 

• 362 

tbesii, Puccinia, 


- 341 
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Tilielavia, ' 182 

Thielaviopsie, - - - 183 

thlMpeoB, Pncoinia, • • -361 

„ 4 TiUetia, - ■ - 310 

tiiiae, Actinonema, -474 

Phyllosticta, - • -464 

Tilletia, .... 46, 68, 306 

TUletieae, 275 

T^jposporium, .... 305 
pPomentelleae, .... 423 
tormentillae, Phragmidinm, . . 363 

tortilis, Eryeiphe, - ■ - - 175 

Tonila, 143, 181 

Toaquinetii, Taphrina, 147, 150, 153, 166 
toxicodendri, Maraoma, - • .491 

Trabntianay UatQago, • - - 299 

Trachyapora, 337 

tragopogonia, Cyatopua, • - - 127 

. „ Puccinia, ■ - - 356 

„ Ustilago, - ■ - 296 

Trailii, Puccinia, - - 349 

„ Thecaphora, . -324 

Trametea, .... 450, 453 

Tretnatoaphaeria circinana, • • 201 

T^ftniellinae, 421 

treraelloidea, Gymnoaporangium, - 389 
tremulae, Aacochyta, - - - 473 

,, Fusicladium, - - 508 

,, Melampaora, . • 364, 367 

,, Napicladium, - - - 218 

Trentepohlia endophytica, - - 551 

Treubii, Uatilago, ... 30, 299 

„ Phytaphyaa, - - - 554 

trichella, Vermicularia, • • - 471 

trichophora, Uatilago, - - - 291 

Trichoaphaeria, . - - 61, 195 

Trichoaphaerieae, - ■ - -195 

Trichoapora, 403 

tridactyla, Podosphaera, - 174 

trientalia, Tuburoinia, - - .319 

trifolij, Olpidium, • - - - 107 

„ Phacidium, * - > 255 

„ Phyllacbora, - - ■ 229 

,, Polythrincium, - - - 229 

„ Paoudopeziza, - - - 255 

„ Synchytrium, • • 107, 109 

„ Uromyces, > - - 333 

trifoliorum, Peronospora, • - 132 

,, Sclerotinia, - - - 265 


trigonellae, Uromycea, • 

PAOB 

- 337 

Triphragmium, 

- 381 

tritici, Leptoaphaeria, - 

- 221 

„ Tilletia, 

. 306 

„ Uatilago, 

- 288 

trollii, Puccinia, 

- 356 

tropaeoli, Pleoapora, 

■ 221 

Tuberaceae, .... 

. 183 

Tubercularieae, 

- 520 

tuberculatum, Phraginidiuro, 

- 362 

tuberculatna, Uromycea, 

- 337 

Tuberculina, - - . - 

. 327 

tuberoaa, Sclerotinia, 

. 266 

tuberum, Cladoaporium, 

. 511 

Tubeufianum, Cylindrosporium, 

. 488 

Tuburcinia, .... 

. 319 

Tuckeri, Erysiphe, 

- 176 

„ Oidium, - 

177, 499 

Tulasnei, Ramularia, 

. 214 

„ Sphaerella, 

. 609 

,, Uncinula, 

. 178 

,, Uatilago, 

- 284 

tulipae, Puccinia, - 

- 359 

„ Sclerotium, 

. 600 

,, Uatilago, . 

. 299 

tnrcicum, Helminthoaporium, 

. 512 

turgida, Taphrina, 147, 150, 152, 159 

tuasilaginis, Coleoaporium, - 

- 876 

typharum, Heteroaporium, - 

- 516 

typhina, Epichloe* ■ 

- 191 

T3rphula, .... 

- 431 


U 


Ulci, Urocyatia, 

• 316 

„ Uatilago, 

- 299 

uliginoaa, Puccinia, 

- 351 

ulmariae, Ramularia, 

- 602 

,, Stysanua, 

- 619 

„ Triphragmiufa, 

- 361 

ulmariuB, Polyporua, 

- 462 

ulmi, Apiosporium, 

- 1«1 

,, Aateroma, 

• 476 

„ Dothidella, • 

- .^236 

,, Phleospora, - ■ 

- 478 

„ Phyllacbora, •' 

. 496 

„ Pleoapora, . 

- 221 

„ Septogloeum,^ , ■ 

. 496 

,, Taphrina, 

148, 149, 154 

ulmicolum, Ceratophorum, 

. 512 


2o 
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umbelltferarum, Erysiphe, 

PAQR 

176 

,, JMagnasiella, 148, 

161, 164 

umbilici, Pucciiua, 

361 

umbonatum, Rhytiama, 

246 

Uncinula^ 

176 

undulata, Rhiaiua, - 

272 

Uageri, Didyi^^aria, 

501 

Ungenanum, Eutyloina, • 

312 

uniBeptatam, Dicoccum, 

506 

Uredineoe, 7, 13, 21 

, 48, 328 

„ beteroeciam, 

45. 51 

Uredmopsis, 

141, 420 

Uredo forms, 

420 

Umula, Sclerotmia, - 

256 

Urobasidium, ^ 

427 

Urocystis, 

314 

Uromyces, 

333 

Urophlyctis, 

113 

Uropyxis, 

361 

urtioae, Peronoapora, 

135 

,, Ramulana, 

502 

„ Rhytiama, 

24b 

„ Septoria, 

478 

Ustilagmeae, 7, 13, 16, 21, 28, 47, 275 

,, mfectiou, 

52,64 

, , remedies, 

65 

Uatilaginoidea, 

311 

Uatilago, 

276 

utnculosa, Uatilago, 

298 

uvicola, Fhoiua, 

216 

V 

vaccmii, Exobasidium, 

423 

„ Gibbera, - 

204 

, , Melampsora, 

370 

,, Sclerotmia, 

256 

,, Synchytrium, 

109 

vagaus, Fumago, 

181 

Vaillantu, Uatilago, 

299 

\alaatiae, Puccmia, 

361 

valenaiiae, Puccinia, 

356 

„ Uromyces, 

334 

Valaa, 

224 

Valseae, 

223 

valsiapora, Dendrophoma, 

469 

vanillae, Calospora, 

485 

,, Gloeoaponum, 

485 

vaporanus, Polyporua, 

6, 442 

vanabile, Heteroaporium, 

516 


PAGE 


vanabiha, Ramulana, - 

602 

vanus, Exoaacua, - 

162 

vasmfectum, Fuaanum, 

622 

vastatnx, Hemileia, 

361 

venetum, Gloeoaponum, 

483 

Venturia, 

218 

veratri, Pueowia, 

365 

,, Uromyces, 

337 

Vermiculana, 

470 

vermiculanaeformia, Venturia, 

218 

vernalis, Eudomyces, 

141 

„ Melampsora, 

370 

\eronicae, Ovularia, 

501 

„ Puccinia, 

361 

,, Sorosphaera, 

530 

„ Stysauus, 

519 

veromcarum, Puccmia, 

361 

verruculosum, Entyloma, 

312 

Vialae, Uredo, 

420 

vibumi, Plasmopara, 

131 

,, Ramulana, 

502 

Mciae, Ascochyta, 

473 

,, Peronoapora, 

132 

,, Phyllosticta, 

464 

\incae, Puccmia, 

356 

Mnosa, Uatilago, 

298 

violacea, Rhizoctonia, 

201 

,, Uatilago, 

27, 297 

Molaceum, Phragmidium, 

363 

^ lolae, Cercoapora, 

515 

,, Gloeoaponum, 

485 

„ PeronoBiJora, 

134 

,, Phyllosticta, 

464 

,, Puccmia, 

340 

,, Urocystia, 16, 21 

, 31, 317 

virgaureae, Puccmia, 

359 

virginica, Taphnna, 148, 

150, 154 

virgultorum, Dothidea, 

230 

unde, Chlorochytnum, 

550 

vindia, Cylindroaporium, 

489 

vitellmae, Melampsora, 

368 

viticola, Corcoapoia, 

513 

,, Plasmopara, 

128 

viticolum, Cladochytnum, 

114 

,, Cladoaponum, 

510 

vitigena, Leptoephaeria, 

221 

vitia, Aureobaaidium, 

428 

„ Plasmodiophora, 

628 

„ Sphaerella, • 

216 
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vitis, Uredo, . . - - 

- 420 

Volkensii, Ravenelia, 

- 403 

Volutella, . . . - 

■ 520 

Vrieseana, Ustilago, 

- 299 

Vuijkii, Ustilago, • 

- 294 

vulgaris, Botrytis, ■ 

- 500 

„ Phyllosticta, • 

• 464 

vulpinae, Puccinia, 

- 351 

W 

Warburgiana, Epichloe, ■ 

- 191 

Warmingii, Exobasidium, 

- 427 

Westendorpii, Thecaphora, - 

■ 325 

Willkommii, Dasyscypha, 

- 271 


PAGE 


Willkommii, Peziza, 

- 6, 20, 271 

Winteriana, Puccinia, - 

. - 349 

Wittrockii, Entoderma, - 

- - 551 

X 


xauthoxyli, Aecidium, - 

' - - 410 

Xenodochus, - 

- 363 

xylostei, Anthostoma, - 

226 

Z 

zonata, Tilletia, 

- - 310 

Zopfia, - - - - 

- - 179 

Zopfiella, 

- - 178 

Zopfii, Puccinia, 

- - 341 

Zygomycetes, • 

- 114 
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A 


Rhytisma, 242, 

244 

Puccmia, 

359 

Abies, Aecidmm, 404, 

409 

Septogloeum, 

495 

Aesculus, Aecidium, • 

410 

Agancus, 457, 

461 

Septona, 

478 

Diplodia, 

472 

Apiosporium, 

181 

Taphrma, 151 154, 168 

Nectria, 

185 

Caeoma, 

418 

Uncinula, - 177, 178 

Phyllosticta, 

464 

Calyptospora, 

372 

Achillea, Cystopus, 

127 

Polyporus, 

444 

Lophodermium, 

239 

Leptothynum, 

242 

Septona, 

478 

Nectria, 

185 

Protomyces 

141 

Slime flux, 

143 

Pendermiuin, 

417 

Puccinia, 

361 

Taphrma, 151, 

153 

Pestalozzia, • 

493 

bchizothynum. 

242 

Aethusa, Puccmia, 

353 

Phoma, 

465 

Synchytrmm, 

113 Agaricus, Endomyces, 

141 

Polyporus, 439, 442, 448, 

Aconitum, Puccmia, 

356 

Agave, Cladosponum, 

509 

449, 450 

Urocystis, 

316 

Agrimonia, Melamp8ora,370 

Rhizina, 

274 

Acorns, 


Uredo, 

420 

Sclerotinia, 

270 

Septocylmdnum, 

505 

Agropyrum (see also 


Trametes, 

453 

Actaea, Aecidium, 

409 

Tnticuin) 


Trichosphaena, 

106 

Urocystis, 

316 

Puccmia, 345, 349 

Abletlneae, Mycorhiza, 

96 

Adenostyles, Aecidium 

348 

Ustilago, 

293 

Acacia, Aeeidium, 

410 

Coleospormm, 

377 

Agrostemma, 


Bavenelia, 

403 

Niptera, 

254 

Taphrma, 151 

, 154 

Uromyces, 

338 

Puccmia, 348, 359 Agrostis, Puccinia, 345 349 

Acer, Cercospora, 

513 

Uromyces, 

337 

Tilletia, 

310 

Cylmdrosponum, - 

489 

Adhesion discs =appres 

Ailanthus, Cercospora, 

515 

Dermatea, 

253 

soria 


Aira, Entyloma, 

313 

Dyscomycopsis, 

245 

Adonis, Urocystis, 

317 

Puccmia, 

345 

Leptothynum, 

479 

Adoxa, Puccmia, 341 

, 359 

Ustilago, 

294 

Melasmia, 242, 480 

Synchytrium, 

112 

AJuga, Phyllobium, 

551 

Necfcna, 

185 

Ustilago, 

299 

Albizzia, Uromyces, 

338 

Oidium, 

499 

Aecidium, Tuberculma, 327 

Alchemilla, 


Pestalozzia, 

493 Aegopodium, 


Bostnchonema, 

501 

Pezicula, 

253 

Actinonema, 

474 

Coleroa, - 

195 

Phleospora, 

478 

Caeoma, 

419 

Uromyces, 

337 

Phyllosticta, 

463 

Phyllachora, 

229 

Alder, black = Alnus 


Polyporus, 435, 444, 452 

Protomyces, 

138 

glutmosa 




II. GENERAL INDEX. 


581 


FAOX 


Alder, white=:Alnus incana. 

Aletris, Physalospora, 218 

Algae, Chlorocystis, - 550 

Entoderm a, - 

- 661 

Entonema, 

- 656 

Harveyella, - 

- 655 

Olpidium, 

- 107 

Periphlegmatium, - 651 

Phaeophila, - 

- 551 

Pythium, 

- 117 

Streblonemopsis, 

- 555 

,, blue-green, - 

- 541 

,, pathogenic, 

539, 547 

Alisma, Cladochy trium, 114 

Doassansia, • 

- 323 

Pseud opeziza,- 

- 255 

AUium, Aecidium, 

- 349 

Bacteriosis, - 

- 539 

Caeoma, - 

367, 419 

Cladochytrium, 

- 114 

Macrosporium, 

- 518 

Peronospora, - 

- 132 

Puccinia, 

.341, 355 

Rhizoctonia, • 

- 202 

Sclerotinia, - 

- 266 

Urocystis, 

- 316 

Uromyces, 

337, 338 

Vermicularia, 

- 471 

Almond (see Amygdalus) 

Alnus, Corticium, 

- 452 

Frankia, 

- 101 

Leptothyrium, 

- 479 

Microsphaera, 

- 176 

Mycodomatia, 

- 99 

Mycorhiza, - 

- 99 

Ovularia, 

- 501 

Passalora, 

- 506 

Polyporus, 433, 439, 452 

Sclerotinia 

- 262 

Stigmatea, 

- 211 

Taphrina, 150, 

157, 158, 


166, 168 

Valsa, - 

- 224 

Alopecurus, 


Pestalozzina, - 

- 495 

Puccinia, 345 

346, 349 

Tilletia, - 

- 310 


Alpine-rose (see Kho^ 
dodendron) 


PAas 

Alslneae, Paccinia, • 361 
Adtiiaea, Cercospora, - 616 
Colletotrichum, - 487 
Phoma, - - - 469 

Phyllosticta, - - 464 

Puccinia, - - 360 

Amarantaceae, 

CystopuB, - - 127 

Amelanchier, 

Fueicladium, ■ - 507 

Gymnosporangium, 385, 
.391, 401, 402, 403 
Oidium, - - - 499 

Podosphaera, - - 173 

Roestelia, 385, 391, 402 
AmpelopeiB, Cercospora, 515 
Amphicarpaea, 

Synchytrium, - 109 
Axnygdalus (see also 
Prunus) 

Ascospora, - - 211 

Cercospora, - - 513 

Gloeosporium, - 483 
Polystigma, - - 189 

Taplirina, 150, 153, 165 
Anbury, - - - 524 

Ancbusa, Aecidium, - 347 
Andromeda, Coleroa, 195 
Exobasidium, 426, 427 
Rhytisina, - - 246 

Stigraatea, - - 211 

Andropogon, Claviceps, 195 
Pucc inia, - 345, 354 

Tilletia, - - - 310 

Ustilago, - - 292 

Androsace, 

Peronospora, ■ - 134 

Anemone, Aecidium, 23,409 
Coleosporium, - 377 
Protomyces, - - 141 

Puccinia, 356, 358, 360 
Sclerotinia, - - 206 

Septoria, - - 478 

Synchytrium,- - 112 
Urocystis, - - 316 

Anethum, Puccinia, - .353 
Heterosphaeria, - 249 
Angelica, Fusicladium, 508 
Puccinia, - - 340 


PASS 

646 

345, 354 

- 310 

- 483 

- 487 


I Anthooeros, Nostoc, 
Anthoxanthum 

Puccinia, 

Tilletia, - 
1 Anthracnose, 

Blackberry, 

Cotton, - 
Privet, - 
Raspberry, 

Vine, - - - 467 

Anthriscus, Plashiopara, 128 
Puccinia, - - 340 

I AnthyUls, Uromyces, 337 
Apium, Cercospora, - 514 
Entyloma, - - 312 

Macrosporium, - 618 
Phyllosticta, - - 464 

Puccinia, - 353, 355 

Septoria, - - 477 

Apocynnm, Aecidium, 411 
Septogloeum, - - 496 

Apple (see Pyrus Malus) 
•blight, • - - 531 

-rot, - - - 482 

powdery mildew, - 174 
Appressoria, - - 9 

Apricot (see Prunus) 
Aquilegla, 

Aecidium, - 349, 409 

j Arabis, Aecidium, - 410 
Puccinia, - 359, 361 

Ustilago, - - 297 

Aralla, Triphragmium, 362 
I Arctium, Aecidium, - 351 
ArctostaphylOB, 
Exobasidium,- - 427 
Melampsora, - - .370 

Arisarum, Phyllo8iphon,553 
Aristida, Ustilago, - 294 
AristolocMa, Puccinia, 341 
Armeria, Uromyces, - 334 
Armoracia, Ascochyta, 473 
518 
514 
126 
500 
477 
312 
312 


Alternaria, 
Cercospora, 
Cystopus, 

Ovularia, 

Septoria, 

Arnica, Entyloma, - 
Amoserls, Entyloma,- 
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PAGE 


PAGE 

▲ronia, 

Phyllosticta, - 

465 

Microsphaera, 

176 

Gymnosporangiugi, 391 

Atrophy, r - 22, 26 

Puccinia, 

340 

Roestelia, ■ - 392 Aubernage, - 202, 634 

Beta, Bacteria, - 

537 

Arrhenathenun, 

Autoecism, 

45 

Cercospora, - 

514 

Exobfsidium, - 427 

Avena, Cladosporinm, 

509 

Entyloma, 

313 

Puccinia, - - 345 

Eryi^phe, 

175 

Oospora, 

497 

Tilletia, • - • 310 

Fusarium, 

512 

Peronospora, 

132 

Urocystis, - - 316 

Fusicladium, - 

508 

Phoma, 

468 

Ustilago, - - 288 

Helmiuthosporium, 

512 

Phyllosticta, - 

464 

Arrowroot (see Maranta) 

Phoma, - 

467 

Pythium, 

116 

Artemisia, Peronospora, 134 

Puccinia, 345, 346, 348 

Rhizoctonia, - 

202 

Puccinia, - -361 

Scolecotrichum, 

508 

Sclerotinia, - 

264 

Artichoke (see Cynara) 

Septoria, 

477 

Sporidesmium, 

221 

„ Jerusalem (see 

Uromyces, 

336 

Uromyces, 

334 

Helianthus) 

Ustilago, - 284, 

287 

Betonica, Puccinia, • 

359 

Arum, Aecidium, 349, 410 

Azolla, Anabaena, 

545 

Ustilago, 

298 

Caeoma,- - - 419 



Betula, Cladosporium, 

511 

Ustilago, - - 299 

B 


Dothidea, 

230 

Arundinaria, Ustilago, 293 

Bacterial diseases or 


Dothidella, - 

230 

Arundinella, Ustilago, 294 

Bacteriosis, - 

530 

Hormomyia, - 

262 

Asarum, Puccinia, 32, 359 

Bacteroids, 

102 

Melampsora, - 366 

367 

Asclepias, Aecidium, • 411 

Bamhusa, Neovossia, 

311 

Microsphaera, 

176 

Ash (see Fraxinus ex- 

Puccinia, 

354 

Myxosporium. 

486 

celsior) 

Barbarea, Aecidium, 

409 

Phyllactinia, - 

178 

Ash-canker, - • 533 

Barberry (see Berberis' 


Polyporus, 446, 449-452 

Asparagrus, Cercospora, 514 

Barley (see Hordeum) 


Sclerotinia, - 

261 

Puccinia, - - 341 

Bartsia, Coleosporium, 

376 

Slime-flux, 

143 

Rhizoctonia, - - 202 

Batatas, Ceratocystis, 

469 

Taphrina, 149-154, 


Aspen (see Populus 

Cladosporium, 

511 

159-161, 167 

tremula) 

Cystopus, 

127 

Twig-galls, - 

532 

Asperula, Phacidium, 241 

Nectria, 

189 

Uncinula, 

178 

Puccinia, - 341, 353 

Phyllosticta, - 

464 

Bilberry (see Vaccinium 

Aspidistra, Ascochyta, 473 

Rhizoctonia, - 

202 

Myrtillus) 


Aspidium \ 

(see also Ipomoea) 


Birch (see Betula alba, etc. ) 


Bean (see Vicia) 


Bitter-rot, - 

482 

Aster, Aecidium, 351, 411 

, , Kidney (see Phaseolus) 

Black-knot, 

231 

Basidiophora, - 127 

Beech (see Fagus) 


,, -rot, Vine, 216 

484 

Puccinia, - - 361 

Beet root and Sugar Beet 

,, -rust, - 341, 419 

Astragalus, Didymaria, 501 

(see Beta) 


,, -shank, - 

469 

Microsphaera, - 176 

Beet, heart rot, - 

464 

Bladder-plums, - 

155 

Poly stigma, - - 190 

„ -scab, - 497,537 

Blanc des Racines, - 

202 

Thecaphora, - - 324 

Bellidiastrum, 


Blight, a common name for 

Uromyces, - - 337 

Aecidium, 

351 

diseases 


Astrantia, Fabraea, - 255 

Entyloma, 

312 

Boraglneae, Erysiphe, 

175 

Puccinia, - - 359 

Puccinia, 

359 

Puccinia, - 347, 348 

Athamantha, Puccinia, 340 

Beilis, Aecidium, 

352 

Borago, Entyloma, - 

312 

Atragene, Puccinia, - 358 

Berberls, Aecidium, 341, 409 

Bordeaux mixture, 69 

172 

Urocystis, - - 316 

Didymospbaeria, - 

218 

Bouillie-Bordelaise, - 

69 

AtriplAx,Cladochy trium , 114 

Melasmia, 

479 

Bouteloua, Ustilago, 

299 
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Bracbypodium, 


Cacalia, Coleosporium, 377 

Tilletia, 

310 

Puccinia, - 346, 

354 

Uromyces, 

337 

Tolyposporium, 

306 

Tilletia, 

310 

Cactus, Phytophthora, 

118 

Ustilago, - 27, 294 

Uromyces, 

336 

Caeoma, Tuberculina, 

327 

Carlina, Puccinia, 

353 

Bramble (see Rubus) 


Calamagrostis, 


Carnation (see Dianthus) 

Brand, Vine, 

484 

Puccinia, - ♦ - 

346 

bacteriosis, ' - 

532 

Brands (see Ustilagineae) 

Sclerotium, - 

266 

fairy ring spot. 

516 

Brassica, Ascochyta, 

473 

Tilletia, 

310 

rosette, - 

522 

Alternaria, • 

518 

Ustilago, 

293 

rust, 

336 

Cercospora, - 

514 

Calathea, Cephaleuros, 553 

spot. 

477 

Cystopus, 

126 

Calcium oxalate and fungi, 

Carpinus, Dermatea, 

253 

Macrosporium, 

518 


35 

Fusicladium, - 

508 

Olpidium, 

107 

calendula, Entyloma, 

312 

Gnomoniella, - 

223 

Peronospora, - 

133 

Oaltha, Fabraea, 

255 

Mamiania, 

223 

Plasinodiophora, - 

524 

Pseudopeziza, 

255 

Melampsora, - 

370 

Pleospora, 

221 

Puccinia, 

341 

Pezicula, 

253 

Sclerotinia, - 

264 

Camellia, Cephaleuros, 

552 

Phyllactinia, - 

178 

Sphaerella, - 

215 

Coryneum, 

491 

Polyporus, - 447 

452 

Sporidesmium, 

221 

Meliola, 

182 

Slime-flux, 

143 

Brlza, Puccinia, 

345 

Pestalozzia, - 

494 

Taphrina, 150-154, 162 

Tilletia, 

310 

Vermicularia, 

471 

Carrot (see Daucus) 


Bromus, Exobasidium, 

427 

Campanula, 


Carthamus, Puccinia, 

355 

Puccinia, ■ 345, 347 

Coleosporium, 

377 

Carum, Cladochytrium, 114 

Sphaerella, - 

215 

Marsonia, 

491 

Puccinia, 

356 

Tilletia, 

310 

Puccinia, 

359 Carya, Fusicladium, - 

508 

Urocystis, 

316 Cankers (see under Hosts) 

Ramularia, - 

502 

Ustilago, - 292, 293 

Kectria, Aecidium, etc. 

Cassandra, 


Brown -rot, 

497 

Cannabis, 


Exobasidium, 

427 

Brown -rust, 

347 

Dendrophoma, 

469 

Castanea, Diplodina, - 

474 

Brunissure, - 114, 528 

Peziza, - 

265 

Pestalozzia, - 

494 

Brusone, Rice, - 

266 

Septoria, 

477 

Phyllosticta, - 

464 

Brussone, Vine, 

484 

Caper = Capparis spinosa 

Polyporus, 

439 

Bryzopymm, Puccinia, 

345 

Cercospora, - 

515 

Septoria, 

478 

Buckwheat (seeFagopyrum) 

Cystopus, 

126 

Slime-flux, 

143 

Buds, premature. 

20 Oapsella, Cystopus, - 

126 

Urocystis, 

319 

Bulb-bacteriosis, 

538 

Peronospora, - 

133 

Castration of flowers. 

27 

Bunt (see Tilletia) 


Plasmodiophora, > 

524 

Catalpa, Macrospo- 


Butomus, 


Capsicum, 


rium, - 

518 

Cladochytrium, 

113 

Gloeosporium, 

483 

Ceanothus, Aecidium, 

411 

Doassansia, ■ 

323 Oaragana, Uromyces, 

337 

Cedar-apples, - 

402 

Buxus, Laestadia, 

217 

Garduus, 


Cedrus, Peridermium, 

417 

Leptostroma, - 

480 

Puccinia, 340, 35S 

359 

Celery (see Apium) 


Nectria, 

188 

Thecaphora, - 

324 

Cell-contents and' fungi, 31 

Phoma, - 

468 

Ustilago, 

296 

Cell-sap and fungi, - 

33 

Phyllosticta, ■ 

464 

Carex, Cintractia, 

302 

Cell-walls and fungi, 

36 

Puccinia, 

361 

Leptostroma, 

480 Cellulose-destroying fungi. 



Phyllachora, - 

229 


15, 38 

0 


Puccinia, 349-351 

, 355 

Oeltis, Ramularia, - 

602 

Cabbage (see Brassica] 


Schizonella, > 

305 

Taphrina, - 149, 153 
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Ctncbrns, dierry, Bird (see Pninus tHcoof^na. • 306 

Tolyposporinm, 806 Padus) caovw (see Trifolium) 

'IMBtaum, Obarvil (see Anthriscus) Gloveir-rust, - 333 

Aeoidium, - 351, 409 Gbestaut, horse (see Club-root, - - - 524 

' PucdAi*, • 340, 353 Aesoulus) Gochlearia, 

OeutoiWithus, Puccinia, 356 Ohestnat, (see Alternaria, - - 518 

Cephalanthiui, CastfmeiQ Oystopus, - 126 

Aeoidium, - -411 Chives (sie Allium) Ovularia, - 500 

Oerastium, Aecidium, 410 Ohlora, PhylloHum, - 551 Ooffea, Cercospora, • 515 
Fabraea, - ♦ 255 Chloranthy, •• 33, 90 Hemileia, - - 361 

Isariopsis, - - 520 Chloris, Ustilagoi, - 299 Pellicularia, - - 181 

Melampsorella, - 370 Chlorosis, - - - 32 Bamularia, - - 502 

Peronospora, - - 134 Chrysanthemam, Ooiz, Ustilago, - - 294 

Sorosporium, - - 325 Aecidium, - 351, 409 Colchioum, Urocystis, 316 

Ustilago, - - 297 OicUum, - - - 499 Uromyces, ■ - 338 

CeratophyUum, Septoria, - - 478 Colutea, Uromyces, - 337 

Chlorochytrium, - 550 Chrysosplesium, Gomamm, Doassansia, .324 

Cereals (under Arena, Hor- Entyloma, - • 312 Compositae, AecuUuin, 409 

deum.Secale.Triticum) Puccinia, - - 361 Bremia, - - - 132 

Cereal-rust, - 82, 84 Clchorlnin, Cystopus, - 127 

Chaerophyllum, Puccinia, - 3o3, 355 Erysiphe, -175 

Actinonema, - - 474 Sclerotinia, - • 264 Peronospora, - - 134 

Caeoma, - - 419 Clcata, Puccinia, - 355 Plasmopara, • 131 

Protomycw, - - 1.38 Cineraria, Aecidium,- 352 Protomyces, - - 141 

Puccinia, - 340, 359 Bremia, - - - 132 Puccinia, - - 353 

Chamaecyparis, Clrcaea, Aecidium, 409 Sphaeiotheca, • 173 

GyinnosporangiumJ Melampsora, - - 370 Synchytrium, - 109 

401, 402 Puccinia, - - .361 Conifers, Agancus, - 457 

Pestalozzia, - - 494 Clrsiuni, Aecidium, - .351 Botrytis, - 268 

Chamerops, Cystopus, - - 127 Diplodia, 472 

Anthostomella, - 226 Phyllosticta, - - 464 Fusoma, - - 504 

Graphiola, - 325, 326 Puccinia, - .35.3, .361 Pestalozzia, - - 494 

Chamomilk, Cystopus, 127 Synchytrium,- - 109 Phytophthora, - 117 

Champignon blanc, - 202 Citron (see Citi us medica) Polyporus, - 450,4.52 

Chant, Entophysa, • 548 Citrus, Capuoilium, - 182 Rhizina,- • - 273 

Cheiranthns, Cladosporium, - 509 Conium, Puccinia, - .353 

Cercospora, - - 515 Colletotrichum, • 487 Conopodlum, Aecidium, 409 

Cystopus, - - 126 Uendrophoma, - 469 Puccinia, - - .355 

Peronospora, - - 133 Fusarium, - - 52.\ Conservation of Host, 21 

Chelidonum, Caeoma, 419 Fusisporiuro, • - i^2\\ ConvaUaria, 

Chenopodiaoeae, * Meliola, - - llH Aecidium, 349, 410 

Peronospora, - - 132 Penicillium, - - 180 Dendrophoma, - 409 

Phoma, - - - 469 Pestalozzia, - - 494 Heterosporium, - 516 

Cbenopodlum, Pleospora, - - 221 Convolvnlaoeae, 

Cladochytrium, - 114 Sphaerella, •- - 215 Cystopus, - - 127 

Phyllosticta, - ■ 465 Sporidesmium, < - 221 Oonvolvulns, Puccinia, 341 

Uromyces, - - 337 Claytonia, Peronospora, 134 Thecaphora, - - 324 

Cherry (see Prunus avium Clematis, Copper salts as Fuugi- 

and Prunus Cerasns) Aecidium, 349,409 cides, 66, 69, 122, 171,467 
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uonuuoriiu»i.,m3^rltiza, 97 


Cork (see Wound-cork) 
CknrniM, Cryptomyces, 248 
Brysiphe, ■ 176 

l^kyllosticta, • • 464 

Septoria, - - 478 

OorydallB, Aecidium,- 410 
Caeoma, • - 419 

Entyloma, - 312 

Peronospora, - - 134 

Oorylos, Gnomoniella, 224 
Mamiania, • - 224 

Phyllactinia, - - 178 

PolyporuB, - 439, 444 
Septogloeum, - - 496 

Ootoneaster, 

Sclerotinia, - - 261 


Cotton (see Gossypium) 

,, frenching, - 522 
Cottonwoods (see Populus) 
Couch-grass (see Triticum) 

^wherry l /geeVj^ccinium) 
Cranberry j 

Crataegus, Asteroma, 470 
FusiclacUuiu, - • 507 

Gymuosporangiuni , 

385, 391, 397, 401-40.3 
Pestalozzia, - - 494 

Phleospoja, - - 478 

Podosphaera, - 174 

Polyporus, - - 450 

Roestelia, 385,397,402 
Septoria, - - 476 

Taphrina, 150, 153, 166 
Crepls, Puccinia, - 353 
Syncliytrium, - 109 
Cress (see Lepidium) 

„ water (see Nasturtium 
Croton, Aecidium, • 410 
Crowberry (see Empetrum) 
Cruciferae, Cystopus, 124 
Erysiphe, - - 175 

Peronospora, - - 133 

Plasmodiopbora, - 524 
Pythium, - - 116 

Cnoumber (see Cucumis) 
Cuoumls, Bacteria, - 536 
Cladosporium, • 510 
Colletotrichum, - 486 


PAOt P4 


Erysiphe, - 176, 499 

' Phyllosticta, - 

468 

Hypnochns, • 

428 

Physalospora, 

216 

Macrosporinm, 

618 

Uromyces, • 337, 838 

Peronospora, - 

134 

D 


Pythium, 

117 


Scolecotriohiim, 

508 Daetylis, Entyloma, - 

312 

Gucorbtta, Bacteria, - 

536 

Epicblo6, 

191 

Colletotricthum, 

486 

Fuccinia, - 345, 346 

Peronospora, - 

134 

Sclerotinm, - 

266 

Cucnrbltaceae, Phoma, 

469 

Tilletia, - 

310 

Sclerotinia, - 

265 

Uromyces, - 

338 

Sphaerotheca, 

173 

Dahlia, Sclerotinia, - 

264 

Cupressus, Agaricus, 

457 

Dammara, Feridermium, 417 

Gym nosporangium , 

403 

Damping-off, 

116 

Pestalozzia, • 

494 Dandelion (see Taraxacum) 

Cupnliftrae, 


Daphne, Sphaerella, - 

215 

Mycorhiza, - 93, 94 Datura, Cercospora, • 

615 

Cycads, Anabaena, 

544 Daucu8,Heterosphaeria,249 

Cladosporium, 

509 

Phoma, - 

468 

Cyclamen, 


Plasmopara, - 

128 

Colletotrichum, 

488 

Polydesmus, - 

221 

Septoria, 

478 

Protomyces, - 

138 

Thielavia, 

183 

Rhizoctonia, - 

202 

Cydonia, Bacteria, • 

531 

Sclerotinia, • 

264 

Cercospora, - 

515 

Sporidesmium, 

221 

Entomosporium, - 

480 Desmodlum, 


Gymnosporangium, 

385, 

Microsphaera, 

176 

391, 401, 403 

Ramularia, - 

502 

Hendersonia, - 

475 

Dentaria, Pucciuia, - 

359 

Ovularia, 

500 Diantbus, Ascochyta, 

473 

Phoma, • 

468 

Bacteriosis, - 

532 

Roestelia, 

391 

Botrytis, 

600 

Sphaeropsis, - 

472 

FusariuBi, * - 

622 

Taphrina, 150, 154, 168 

Heterosporium, 

516 

Cynanchum, 


Macrosporium,- 

618 

Cronartium, - 

.381 

Puccinia, 

361 

Cynara, Banmlaria, - 

502 

Septoria, 

477 

Cynodon, Phyllachora, 

229 

Sorosporium, - 

325 

Tilletia, - 

310 

Urocystis, 

319 

Ustilago, 

294 

Uromyces, .334, 336 

337 

Cynoglossum, 


Ustilago, 

297 

Peronospora, - 

134 

Volutella, 

620 

Csrperus, Schinzia, - 

326 

Dicentra, Aecidium, • 

410 

Csrtisus, Ceratophorum, 511 

Peronospora, - 

134 

Cucurbitaria, - 

206 Digitalis, Ascochyta, 

473 

Darluca, 

474 

Ramularia, - 

602 

Diplodia, 

209 Digltarla (see Pauicum) 

Microsphaera, 

176 

Dill (see Auethum) 


Peronospora, - 

133 

IRplaohne, Ustilago, • 

293 
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mimeiu, Peronospora, 132 
Dispoiition : Chap. ¥*. 
Domatia, • 93, 99, 540 

Boroolcain, Paccinia, 361 


Doubling of Flowers, 

28 

Douglas Fir (see Pseudo- ^ 

tsuga) 


DrabSy Aecidinm, 

41(» : 

Puccinia, 

359 

Dracaena, Ustilago, - 

299 

Dry-rot = Merulius. 


Dryas, Didymosphaeria, 218 ; 

Synchytrium, 

111 

Durra (see Sorghum) 


E 


Ean celeste. 

69 

Echeveria, 


Endophyllum, 

404 

Echinocystis, 


Peronospora, - 

134 

Echinospermum, 


Peronospora, 

134 


Ectotrophic mycorhiza, 94 
EgE-plant (see^olanum 
Melongena) 

Qtfer (see Sambnctis) 
Slmgnaceae, Mycorhiza, 99 
Elm (see Ulmus) 
Elodea,Ohlorochytriuin, 560 

WsmoM, 

Pncciuia, 345, 348, 354 
Ustilago, • • 293 

Smpetraoeae, Mycorhiza, 98 
Bmpetnun, Caeoma, - 380 
Chrysomyxa, - - 380 

Melasmia, - - 479 

Podosphaera, - - 175 

Rhytisma, - • 246 

Sclerotinia, • • 260 

Endophytes, ' - - 8, 1 1 

Endotrophic, Mycorhiza, 93 
Enzymes, • • 35, 37 

Bpacrldeaa, Mycorhiza, 98 
phedra, Peridermium, 417 
B^dlnliium, 

Mehunpsora, • - 370 

Plasniopara, - - 131 

Puccinia, - • 341 

Ramnlaria, > • 502 


PACE 


Septoria, - - 478 

Sphaero^eea, - 174 
Uredo, - - - 420 

Ventnria, - - 218 

Epiphytes, - • 8, 10 

Epipogon, Mycorhiza, 97 
Eqhlaetom, Pythium, 116 
Eranthia, Accidium, 409 
Urocystis, - - 316 

Ergot (see Claviceps) 
Ergotism, symptoms, 193 
Erica, Hypoderma, • 234 
Leptosphaeria, • 221 
Ventnria, - - 218 

Erloaoeae, 

Exobasidinm, 423, 427 
Mycorhiza, - - f98 

(see also Vaccinium) 
Erigoron, Aecidium, - 411 
Basidiophora, • 127 
Entyloma, - - 312 

Eriksson on Cereal-nists, 

82, 332, 345 

Ertophonun, 

Leptostroma, - - 480 

Paccinia, • 352, 354 

Eryngium, Entyloma, 312 

Paccinia, - • 340 

Brytbraea, Phyllobium, 551 
Encalyptoa, 

Didymosphaeria, - 218 
Pestalozzia, - • 494 

Ustilago, - - 299 

Enonymoa, Caeoma, 368, 419 
Cercospora, - - 515 

Microsphaera, • 176 

Ventnria, - - 218 

Enphorbla, 

Aecidinm, - 24, 410 

Endophyllum, - 403 

Fusicladium, - - 608 

Leptostroma, - - 480 

Melampsora, - - 370 

Peronospora, • • 135 

Ravenelia, • - 403 

Uromyces, 334,336,337 
Euphrasia, 

Coleosporinm, - 376 

Tnburcinia, • • 321 

Exoasceae, {MU-asitic, 144 


PAGE 


P 

Fagopymm, 

Phytophthora, • 117 
Ramnlaria, - - 502 

Fagtts, Actinonema, > 474 
Agaricus, - • 461 

Hydnnm, - - 432 

Myxosporinm, - 486 
Nectria, - * 186 

Pestalozzia, - • 493 

Phyllactinia, - -178 

Phytophthora, - 117 
Polyporus, 435, 444, 450 
452 

Quaternaria, - - 226 

Slime-flnx, ■ 143, 144 

Fennel, Rhizoctonia, • 202 
Ferments, - 2, 16, 35, 37 

Ferns, Cryptomyces, 248 
Sphaerella, - - 215 

Taphrina, 29, 149, 153 
Uredinopsis, - 141, 420 

Urobasidium, • 427 
Festnca, Isaria, - - 519 

Paccinia, 345-349, 354 
Tilletia, - -310 

Urocystis, - - 316 

Ustilago, - 288 

Ficus, Cercospora, - 515 
Uredo, ... 420 
Ustilago, - - 299 

“ Finger and Toe,” - 624 


Fir, silver (see Abies) 

Flax (see Linum) 
Flower-hypertrophy, 26 
Flowering, premature, 20 

Flux of Trees, - - 142 

Fly-wood, - - 430 

Forests, close and mixed, 80 
Fragarta, Ascochyta, 473 
Peronospora, - - 134 

Ramnlaria, - 214 

Sphaerella, - - 214 

Synchytrium, • 111 

Thecaphora, - - 825 

Fraxinus, Actinonema, 474 
Aecidium, • • 410 

Ascochyta, • • 473 

Bacteria, - - 533 
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Cercospora, - 

515 

Heterosphaeria, - 

249 

Epichlocl, 

- 191 

Cylindrosporium, - 

489 

Mycorhiza, - 

97 

Erysipbe, 

- 175 

Hysterographium, 

233 

Puccinia, 

341 

Exobasidium, 

- 427 

Festalozzia, - 

493 

Sclerotinia, - 

268 

Fusarium, 

- 520 

Phyllactinia, - 

178 

Geraniaceae, 


Isaria, - 

- 519 

Polyporus, 439, 444, 445, 

Sphaerotheca, 

173 

MastigoSporium 

- 604 


452 

Geranium, iBotrytis, - 

269 

Oidium, 

175, 499 

Scolecotrichum, 

508 

Coleroa, 

195 

Ophiobolus, - 

- 222 

Septogloeum, 

496 

Plasmopara, - 130 

131 

Phyllachora, - 

- 229 

Septoria, 

478 

Puccinia, 

369 

Puccinia, 

341-349 

Fritillaria, Uromyces, 

.338 

Ramularia, • 

602 

Scolecotrichum, 

- 608 

Fruit-rot, - 58, 115 

179 

Stigmatea, 

210 

Septoria, 

- 477 

Fungi, pathogenic, • 

104 

Synchytrium, 

109 

Ustilago, 

288, 306 

„ classification, - 

105 

Tuburcinia, - 

322 

Grape (see Vitis) 


„ heteroecious, 45 

74, 

Uromyces, 

334 

Grape-fruit (see Citrus) 


331 

Venturia, 

218 

Grasses (see Gramineae) 

,, in fodder, 85 

306 

Oeum, Depazea, 

465 

Grass-mildew, - 

- 175 

,, sexuality, 104, 135 

Peronospora, - 

134 

Gumming, 211, 

491, 538 

Fungicides, 

68 

Oilia, Aecidium, 

411 

Gunnera, Nostoc, 

- 541 

Fungus-digesting plants. 

Puccinia, 

355 



92, 97 

Gladiolus, Urocystis, - 

316 

H 


„ -galls, 15, 26, .32, 33, 

Glaux, Aecidium, 

336 

Habitat-races, ■ 

- 332 

40 

300 

Glechoma, Puccinia, - 

.361 

Hall-wounds, - 

61,78 

,, -roots, - 

93 

Ramularia, - 

502 

Hallimasch, . - 

- 455 


„ -traps, - 92,97 Oleditschla, Cercospora, 515 Hartig’s, R., chief works, 37 

Glyceria, Haustoria, - 8, 10, 12 

G Cladocbytrium, - 114 1 Hawthorn (see Crataegus) 

Qagea, Puccinia, - 356 Claviceps, - - 194 Hasel (see Cory lus) 

Synchytrium, - 111 Ustilago, - 293,294 Heart-wood, antiseptic, 6, 76 


Uromyces, 

3,38 

Glycyrhisa, Uromyces, 337 

Hedera, Ascochyta, 

• 473 

Ustilago, 

299 

GnaphaJiom, Entyloma, 312 

Bacteria, 

- 533 

Oalanthus, Botrytis, - 

500 

Golden-rust, - - 348 

Cladosporium, 

- 610 

Caeoma, 

368 

Goodyera, Mycorhiza, 97 

Septoria, 

- 478 

Sclerotinia, - 

270 

Gooseberry (see Ribes) 

Sphaerella, - 

- 215 

Galega, Uromyces, - 

337 

-mildew, - - 173 

Vennicularia, 

- 471 


Galeopsls, Phyllosticta, 465 Gossyplum, Cercospora, 515 Hedysanun, Uromyces, 338 
Galium, Melampsora, 370 Colletotrichum, - 487 HeleocharlB, Claviceps, 195 

Melanotaenium, - 314 Fusarium, • - 522 Helianthus, Plasmopara, 131 

Phacidium, - - 241 Macrosporiutn, - 518 Puccinia, - - 340 

Puccinia, 341,359,361 Ramularia, - - 502 Ramularia, - - 502 

Synchytrium, - 113 Sphaerella, - - 214 Sclerotinia, - - 264 

Gaultberla, Uredo, - - 420 HelicbryBum,Eutyloma,312 

Synchytrium, 109 Gourd (see Cucurbita) HelleboruB, Ramularia, 502 

Genista, Grain-smuts, - 65, 221 Urocystis, • • 316 

Didymosphaeria, • 218 (see also Ustilagineae) Helosdadium (see Apium) 
Rhizobium, - - 101 Oramlneae, Ascochyta, 473 Entyloma, - • 312 

Uromyces, - - 337 Claviceps, - - 191 Hemi-parasite, • 3, 4, 6 

Oentlana, Botrytis, - 268 Dilophia, - - 222 Hemi-saprophyte, - 3, 4 

Cronartium, - - 381 Dilophospora, 479 j Hemp (see Cannabis) 
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Semp-otuiker, - • 265 

HttpatloM, Kostoc, 547 
Sohizophyoeae, • 546 

Httradeosi, 

Heterospk^ria, • 249 

Protomyoes, - - 138 

Poccinia, - - 340 

Taphrina, • 151, 154 

fteteroecism, • 45, 331 

libziMltuii, Entyloma, 312 
Puocinia, - • 353 

Eippuris, Uromyces, 336 
HoldU, puocinia, • 346 

Tilletia,' - # 310 

EoUyUook (see Althaea) 
fiblosaprophytes, • 3 

fliOlostouiii, Ustilago, 297 
^omogyae, Puccinia, 359 
Honey-dew, - 181, 193 

Honey-fangoa, - ^ - 455 

Honeysnckl* (see JUmi- 


XlNMil, Pksmodiopbora, 524 
A,piplodia, - - 472 

ImpmUeiu, Depazea, 465 
Plasmopara, • • 131 

Pttccinia, - • 356 

Imperata, Ustilago, • 299 
Indian Com (see Zea) 
‘Individuation, - - 87 

Infsotton methods, 53, 56 

Insect diseases, • 8,115 

Innla, Coleosporium, 376 
Ipomoea, Cole(»porium, 377 
Pucoiniaj • - 356 

Vermiculai^ • 471 

Iris, Aecidium, - - 411 

Cladochytriutn, - 114 

Helininthosporium, 512 


Caithris, 

248 

Botfaidea, 

230 

Oymnosporangium, 

384, 

389i 391, 395, 401-403 

' Hendersonia, - 

475 

H4rpotriohia, - 

199 

Lophodermium, 

240 

Pestalozzia, - 

494 

Pleospora; 

511 

Polyporas, 

460 

8tigniatea, 

211 

K 


Kalmla, Synchytrium, 

109 

Xnauti^ Aaoo^l^ta, 

473 


Peronospora, - 28, 162 

UstiUgo, > - 294 

Eoelerla, Puccinia, • 354 
Kohlhernie, or Kropf, ' 524 

L 

Lahiatae, Erysiphe, i 175 


cera) 


Isopyrum, 


Puccinia, 

341 

Hop (see Humufais) 


Synchytrium, 

112 

Laburnum (see Cytisus^ 


fiop-mUdew, - 

173 

Ivy (see Hedera) 


Lactuca, Botrytis, • 

500 

Ibtrdeum, Erysiphe, 

175 

Ivy-canker, 

533 

Bremia, - 

132 

Helminthosporium, 




Puccinia, 

340 

221, 

512 

J 


Septoria, 

477 

Hopiodendron, 

605 

Jasione, Puccinia, 

359 

Lamium, Ovularia, • 

501 

ij^otna, - 

467 

Jausch, 

484 

Lampsana, Puccinia, • 

340 

Puc(%iia, - 345, 348 

Jensen’s method, 

66 

Ramularia, 

502 

Jiiletia, 

310 

Juglans, Botrytis, 

180 

Larch (see Larix) 


Ustilago, 

288 

CladoBporium, 

510 

•canker, - 

271 

^oamhoam (see Carpinus) 

Entorrhiza, - 

326 

Lariz, Agaricus, 

457 

|G 0 pv 9 -radish (see Armor- 

Marsonia, 

4^1 

Caeoma, - 366, 367, 

419 

' acia) 


Microstroma, - 

497 

Dasycypha, - 

271 

BlDtton|4, Doassausia, 

324 

PenicUIium, • 

180 

Heterosporium, 

516 

Hot-water.sterflization 

66 

Septoria, 

478 

Hypodermella, 

234 

mnannlus, Capnodium, 

181 

Juncua, Puccinia, 

354 

Leptostroma, - 

212 

Oidium, 

499 

Bhytisma, 

246 

Lophodermium, 

240 

Sphaerotheca, 

173 

Schinzia, 

326 

Nectria, 

188 

Hyacinth (seeScilla) 


Tolyposporium, 

305 

Peziza, - - 20, 271 

Hydrangea, Septoria, 

478 

Urocystia, 

319 

Polyporus, - 439, 462 

JEyperloiiip, 


Uromyces, 

336 

Sphaerolla, • 

211 

,Melampwrai - 

370 

Ustilago, 

294 

Trametes, 

453 



Jungermanniaoeae, 


Lath 3 rrui, Diacbora, • 

230 

Sootiqosphaeria, - 

550 

Trentepohlia, 

551 

Dicoccum, 

606 



Jnnipems, Agaricus, 

367 

Peronospora, - 

132 

* Bamnlaria, - 

502 

BotrytU, 

270 

Thecaphora, • 

324 

flypopitySi Myoorbiza, 

93 

Clasterosjporium, • 

511 

Uromyces, - 333 

334 
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Lauras, 

PAOZI 

Exobasidium, 31, 427 

Leaf-cast, - 

236 

Ledum, Chrysompm, 

379‘ 

Exobasidium, 

427 

Sclerotinia, - 

283 

Legnminosae, 

Erysiphe, 

175 

Myoodomatiai 101, 

624 

Mycorhiza, • 

99 

Bavenelia, 

403 

Chlorochytrium, 549, 560 

Ohlorosphaera, 

548 

Comuella, 

322 

Endoclonium, 

651 

Olpidium, 

107 

Pythium, 

117 

Scotinosphaera, 

650 

Lemon (see Citrus) 

l^pldiam, Aecidium, 

410 

Cystopus, 

126 

Peronospora, - 

133 


Lettuce (see Lactuca) 
libocedrus, 

Gymnosporangium, 401 
Lichen-symbiosis, - 86 

Lignificationof cell-walls, 37 
Lignin-destroying fungi, 38 


Ugustrum, Aecidium, 409 
Caeoma, - - 419 

Cercospora, - - 515 

Gloeosporium, - 485 
Lilac (see Syringa) 

LUlum, Aecidium, 349, 410 
Botrytis, - ■ 268 1 

Peronospora, - - 135 

Sclerotinia, - - 268 j 

Uromyces, - ■ 338 

Uma bean (see Phaseolus) 
Lime or Uuden (see Tilia) 
Xdmnanthemum , 

Aecidium, - 352, 410 

Stomatochytrium, • 550 
Umosella, Doassansia, 324 
Llnaria, Entyloma, - 312 
Melanotaenium, - 314 
Peronospora, - - 134 

Ll&um, Melampsora, • 369 


PAOB 


Peronospora, • - 

Ltrlodendron, 

Cercospora, ■ - 816 

Cylindrosporinm, - *489 
Leptosphaeria, • 3SiX 
Utbospermum, 
Synchytrium, - 111 
Lolium, Fusariutn, - 520 
Ovularia, - - 500 

Puccinia, - 345, 346 

Thecaphora, - • 325 

Tilletia, - - - 310 

Ustilago, . - 288 

Lonicera, Aecidiqm, 349, 409 
Anthostoma, - • 226 

Ascochyta, - - 473 

Didymosphaeria, - 218 
Lasiobotrys, - - 182 

Leptotbyrium, - 479 
Microsphaera, - 176 
Nectria, - - - 185 

Phyllosticta, - - 464 

Venturia, - - 218 

Lophantbtts, 

Peronospora, - • 134 

Lotus, Ovularia, • 501 
Uromyces, - • 336 

Lucerne (see Medicago) 
Lupinus, Cercospora, 515 
Cryptosporium, - 489 
Erysiphe, - - 175 

Pythium, - • 117 

Thielavia, - - 182 

Uromyces, - - 337 

Lusula, Phyllachora, - 229 
Puccinia, - 352, 354 

Urocystis, - - 316 

Ustilago, - 294 

Lychnis, Ovularia, - 600 
Puccinia, - • 340 

Septoria, - • 478 

Sorosporium, • - 325 

Uromyces, - - 337 

Ustilago, - 27, 297 


Lydum, Microsphaera, 176 
Lycopodium, Pythium, 116 
Lycopus, Aecidium, - 411 
Lysimaohia, Aecidium, 351 
Phyllobium, -« ■ 551 

Synchytrium, - 111 


Magnolia, Pestalozzia, 494 
Mahonla, Aecidium, - 341 
Maise (see Zea) 
Hajanthemum.^ 

Aecidium, • • 349 

Malachium, Ustilago, 297 
Maladie digitoire, • 524 
Mal-di-gomma, • • 321 

Mallow (see Malva) 

Mai nero, • - 202, 534 

Malva, Ascochyta, - 473 
Cercospora, • - 515 

Phoma, - - - 469 

Puccinia, - 359,, 360 

Mandarin (see C3tms) 
Mangel Wursel (see Beta) 
Mangold (see Beta) 

Manure and Fungi, 67, 279 
,, Plasmodiophora, 528 
Maple (see Acer) 

Maranta, Epichloe, • 191 
Matthlola, 

Plasmodiophora, • 524 
Medicago, 

Peronospora, - - 133 

Pseudopeziza, • 255 
Rhizoctonia, - 201 

Sclerotinia, - 265 

Tilletia,- - - 310 

Uromyces, • - 336 

Medlar (see Mespilus ^nd 
Amelanchier) 

Melampyrum, Aecidium, 349 
C!oleosporium, - 376 
Mellca, Puccinia, - 346 
Melon (see Cncumis) 

,, water (see (hicnnus) 
Mentha, Cladochytrinm, 114 
Endosphaera, - 551 
Puccinia, - - 341 

Menyantbes, 

Cladochytrinm, - 114 


Mercurlalls, ^ , 

Caeoma, ' • 367, 4||^ 

Cercospora, • - 515 

Synchx|jpi|^m, - ^9 

Mespilus, 

Fusicladium, - • 608, 
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'1 T^itunyoes, - - 338 Oat {see Avena) 

OymBil|N^ngiav>t Ustilago, - 299 Oenothera, Aecidium, 411 

397f’9l9| MlFOoceeicRf^^ 26 Peronospora, • - 134 

Hatoor, A, • IW Myeodomatut; • 93, 99 Puocmia, • 356 

Oidirnn, • ‘ - • 499 Mycorliiza, • 32, 93 Synohytrium,- • 109 

Ovulariai, * ^ 26V<^ Myoeotifl, Aecidium, • 41F Olea, Cercospora, - 615 
Penicilfiam, - - 180 Entyloma, - • 312 Cycloconium, - - 606 

Podosphaera, • - 174 Peronospora, • - 134 Polyporus, - - 447 

lleiim, Tripl^tagmium, 362 Synchytrium, 111, 113 Twig-galls, - - 532 

Mignonette {see Reseda) Myoeums, Peronospora, 134 Oleaoeae, 

Mildew, powdery {see Ery- Mytioa, Ramularia, - 502 Hysterographium, - 232 


sipheae) Frankia, • 101 Oleander (see Nerium) 

,, false (see Perono- Myricaoeae, Olive (see Odea) 

sporeae) Mycodomatia, - 99 Rogna or Loupe, - 532 

MiUum, Pucoinia, - 345 Myrloaria, Onion (see Allium) 

Tilletia, - - - 310 Didymosphaeria, - 218 Onion-rust, - 341, 355 

Millardet’s vines, - 82 Myxrhis, Puccinia, - 340 Onobryohis, Diaohora, 230 

Millet (see Panicum and Thielavia, • - 183 

Sorghum) N Uromyces, - - 337 

Mint (see Mentha) NardSBOS, Puccinia, - 359 Orange (see Citrus) 

Mistletoe, - - 18, 64 Nardus, Claviceps, ■ 194 foot-rot,- - - 521 

MoUnia, Claviceps, • 194 Narthednm, Entyloma, 313 mal-di-gomma, 621 

Fusarium, • - 520 Nasturtium, Cystopus, 126 sooty mould, • - 182 

Neovossia, - - 311 Nebbia nera, - - 484 Orchideae, Aecidium, 349 

Puccinia, - - 349 Needle-cast, 211,236,481 Caeoma,- - 368,419 

Monotrqpn, Neottia, Mycorhiza, - 97 Gloeosporium, - 485 

Mycorhiza, - 87, 93 Nepeta (see Glechoma) Mycorhiza, - 97, 99 

Urocystis, - - 319 Nephrodium (see Ferns) Omithogalum, 

Monoxeny, - - 45 Nerium, Capnodium, • 181 Heterosponum, - 516 

Morbe bianco, - - 202 Cercospora, - *515 Puccinia, - - 356 

Moms, Bacteria, • 534 Niootiaaa, Ascochyta, 473 Urocystis, - • 316 

Cercospora, - 515 Bacteria, - - 535 Uromyces, - - 338 

Cladochytrinm, - 114 Etysiphe, - - 175 Ustilago, - - 299 

Diplodia, - - 472 Oidium, - - - 499 Orobanche, Urocystis, 319 

Gibberella, - -184 Peronospora, - - 134 Oryza, Pincularia, - 503 

Helicobasidium, - 429 Phyllosticta, - ■ 464 Sclerotium, - - 266 

Nectria, - - - 185 Nucleus-parasites. 32 Tilletia, - - - 310 

Phleospora, - - 478 Nuile, - - - 508 Ustilaginoidea, - 311 

Polyporus, - - 445 Nuphar, Aecidium, 352, 410 Ostrya, Taphrina, 150, 154 

Septogloeum, - • 496 Nutricism, - 88, 92 Oxalis, Sphaerella, - 215 

Sphaerella, - 215, 478 Nyctaglnaceae, Ozyria, Puccinia, - 355 

Mountain Ash (see Pyrus Peronospora, • - 135 Ustilago, - - 298 

[Sorbos] Aucuparia) Nymphaea, 

Mucilage flux, • • 142 Aecidium, - 352, 410 P 

Mulberry (see Morus) Entyloma, • - 313 Paeonia, Cronartium, 382 

Mnlgedinm, Puccinia, 340 Palms, Colletotrichum, 488 

Mummification of fruits, 29 0 Graphiola, - - 325 

Mnsa, Physalospora, - 218 Oak (see Quercus) Pestalozzia, - - 494 

Muscaxl, Urocystis, - 316 Oak-root fungus, - 200 Thelephora, - - 429 
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PAndanuB, Cephal^roB, 553 
Nectria, ^ - - 188 

Fanlcum, Pythiura, • 116 
Tolyposporium, - 306 
Ustilago, 289, 291, 293 
Papavor, Entyloma, • 312 
Peronoepora, - - 133 

Papllloxuu}eae,Ery8iphe, 175 
Peronospora, - -132 

Paraaites, - - 1-3, 7, U 

. classification, - - 3 

mode of life, - • 7 

Paris, Aecidium, 349, 410 
Mycorhiza, - - 32 

Tuburcinia, - - 321 

Urocystis, - - 316 

Pamassia, Aecidium, 352 
Uromyces, - - 334 

Parsley (see Petroselinum) 
Parsnip (see Pastinaca] 
Partridge-wood, - 431 
Paspalus, Ustilago, • 294 
Pastinaca, Cercospora, 514 
Cercosporella, - 503 
Heterospliaeria, - 249 
Pea (see Pisum) 

Pea-rust, - - - 334 

Peacb (see Persica) 

-curl, - - 165 

frosty mildew, • 503 
-rot, - - - 497 

Pear (see Pyrus communis) 
-blight, - - - 531 

Pedicularis, 

Aecidium, 351, 410 

Penicillaria, 

Tolyposporium, - 306 
Pennisetum, Neovossia, 311 
Pe^itstemon, Aecidium, 41 1 
Peplis, Eudosphaera, 551 


Peridermium, 

Tuberculina, - - 327 

Persica (see also Prunus) 
Cercospora, - - 513 

Cercosporella, • 503 

Cladosporium, - 510 

Clasterosporium, - 511 

Qloeosporium, - 482 

Monilia, - • 497 


Phyllosticta, . - 46# 

Puccinia, - - 355 

Sphaerotheca, - ^ - 1,72 
Taphrina, 15«1, 153, 166 
Petasites, Aeci<iium, • 348 
Coleosporium, - 377 

Coleroa, - - - 195 

Petroselinum, 
Heterosphaeria, - 249 
Plasmopara, - - 128 

Puccinia, - 353 

Septoria, - - 477 

Petunia, 

Phytophthora, ■ 122 

Sclerotinia, - - 264 

Peucedanum, 

Puccinia, • 353, 359 

Taphrina, - 151, 154 

Phalaris, 

Cladochytrium, - 114 

Puccinia, - 346, 349 

Sclerotium, - - 266 

Ustilago, - - 294 

PhaseolUB, Ascochyta, 473 
Bacteria, - - 539 

Cercospora, • • 515 

Colletotrichum, - 486 

Isariopsis, - - 520 

Phyllosticta, - - 464 

Phytophthora, - 122 

Sclerotinia, - - 264 

Uromyces, - - 334 

Phegopterls (see Ferns) 
PhlUyrea, Aecidium, • 410 

Uredo, - - - 420 

PUeum, Epichloe, - 191 

Puccinia, - 345, .348 

PMox, Aecidium, - 411 

Puccinia, - • 355 

Phoenix (see Palms) 
Phragmltes, Claviceps, 194 
Helminthosporium, 516 
Napicladium,- - 516 

Puccinia, - - 349 

Ustilago, - - 293 

Phyllanthus, Ravenelia, 403 
Phyteuma, 

Coleosporium, - 377 

Uromyces, ■ • 338 


pass 


JHoea, Aecidium, 


379, 

0, 416 

A|uricu8, 

457 

Barclayeila, • ^ 

^ w 

Chrysomyxa, - , 

379, 380 

. 199 

Lophodermium, 237, 240 

Mycorhiza, • 

- 96 

Naevia, • 

- 238 

Nectria,- « ^ 

- 188 

Peridermium, 

416, 417 

Festalozzia, - 

- 493 

Polyporus, - 

440-460 

Septoria, 

- 476 

Trametes, 

- 453 

Trichosphaeria, 

- 197 

Picris, Entyloma, 

- 312 

Puccinia, 

- 356 

Pilea, Phy taphysa, 
Pimpinella, 

- 554 

Puccinia, 

340,356 

Thecaphora, - 

• 326 


Pine (see Pinus) 

„ Cemhran (see Finns 
Cemhra) . 

,, Mountain (seej^tts 
montana) 

,, Scots (see Pinae 
sylvestris) 

,, Weymouth (see Pinas 
Strobus) 

Pine-twister, - - 364 

Pinguicula, Ustilago,- 297 

Pinus, Agaricus, - 457 

Brunchorstia,' • 481 

Caeoma,- - • 364 

Cenangium, - 251, 481 

Cladosporium, - 509 

Cucurbitaria, - - 210 

Elaphomyces, - 183 

Gymnosporangium, 396 
Lophodermium, - 240 

Melauipsora, - - 364 

Mycorhiza, • - 96 

Peridermium, - 376, 

382, 411-416 
Pboma, - - 466, 468 

Polyporus, • 449, 450 
Bhizina,- - • 273 
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Plitiii, Siatotrema, 

PAQS 

. 433 

Cladospoiinm, 

. 


UfooAiztk, . 

PAOR 

96 

TraDMtes, 

453 

FeneateUa, • 

. 


^lyiJormV - 439, 447 

Twig-galla, 

532,633 

Gloeoaporiom, 

- 

^84, 


478 

drying up of twiga, 481 

Peatalozzia, • 


494 


143 

IlBitB (kaa^fOk, 


Pol3rporna, - 


445 

'l^kina, 150-164. 157, 

Cuoarbilarift, - 

• 210 PSnaiiaeePra&uadomeatica) 

h 

166 

Neotria, - ' • 

- 188 

Pluma, ppolati * 

154, 156 

Udniiula, 

178 

Peridermiam,- 

382, 415 Plnm.#Mlg, 


355 

Portalaoa, Cyatopua, • 

127 

Pinna mtontana^ 


PM, CSa^pa, ■ 


195 

Potamdfeton, * 


HMpotriohia, * 

• 199 

Entyloma, ■ 


312 

Doaaaanaia, 

m 

Hyi^ennella, 

• 234 

Epiohlo6, 


191 

Endoaphaera, • 

550 

Melampaora, • 

• 364 

Puccinia, 

345, 

348 

Potaaaium aulphide, 173, 483 

Peridermium,- 


Tilletia, • 


310 

Potato (ace Solanum 


Plnna aylTeatria, 

Urocyatia, 


316 

tuberosum) 


Agaricus, 

■ *Sl 

Uromycea, 


336 

-disease, - 

119 

Caeoma, - 

. 33A Pock of Vine, • 


484 

early blight, - 

517 

Hypodenna, - 

• 234 

PodophyUnm, 



•rot, 

535 

Hypodermella, 

• 234 

Pfaylloaticta, - 


465 

-scab, - 

637 

Laofanella, 

- 272 

Podoapermnm, Puccinia, 356 

Potato, sweat (see Batatas) 

Lophodermium, 

- 236 

Polemonlnm, Aecidium, 411 

Potentllla, Beloniella, 

256 

Melampaora, • 

• 364 

Polygonatum, 



Cercoapora, - 

616 

Peridermmm,- 

374, 376, 

Aecidium, 

349, 

410 

Cladochytrium, 

114 

377, 381, 411, 

414, 415 

Polygoneae, Puconia, 

355 

Ck)leroa, - 

195 

Phoma, • 

466, 468 

Polygonum, 



Maraonia, 

491 

Polyporaa, 

- 450 

Boatrichonema, 


601 

Peronoapora, - 

134 

Trametea, 

- 453 

Ovularia, 


501 

Fhragmidium, 

363 

Pinna Strolma, AgaricuB,457 

Peronoapora, • 


135 

Synchytrium, 

111 

Hypoderma, - 

- 233 

Paeudopeziza, 


255 

Taphnna, - 151, 

154 

Peridermium, 

382, 415 

Paeudorhytiama, • 

255 

Pourriture of Vine, - 

202 

Phoma, - 

• 468 

Puccinia, 

362, 

355 

Powdery mildew (see 


Polyporus, 

449, 450 

Rbytiama, 


246 

Eryaipheae) 


Tubercttlina, * 

- 328 

Sphacelotbeca, 


302 

Prenanthea, Puccinia, 

340 

P4itiatih«nm, Puccmia, 346 

Stigmatea, 


211 

Primula, Ovularia, - 

600 

Platada, Uromycea, • 337 

Uromycea, 


334 

Phylloaticta, - 

465 

PjUnun, Aacochyta, 

- 473 

Uatilago, 

298, 

299 

Puccinia, 

341 

Cladoaporium, 

509, 510 

Polypodlnm (aee Ferna) 


Tuburcinia, - 

321 

Eiyaiphe, 

* 176 

Polyxeny, - 


45 

Uromycea, - 21, 334 

Peronoapora, - 

- 132 

Poplar (see Populua) 


Primulaoeae, 


Pythium, 

- 117 

Poppies (aee Papaver) 


Peronoapora, - 

J184 

Thielavia, 

• 183 

Popolna, Agaricua, • 

462 

Priret (see Liguatrum) 


Uromycea, 

- 334 

Aacochyta, • 

• 

473 

Proserplnaea, Aecidinm, 410 

Uatilago, 

- 297 

Capnodium, - 


181 

Pmnella, Aecidium, • 

410 

Plane (aee Platanua) 

Cladoaporium, 


510 

Asteroma, 

470 

Plantago, Aecidinm, • 411 

Didymoaphaeria, - 

218 

Pruning, • 

77 

Peronoapora, • 

. 134 

' Diplodia, 


472 

Prunns, Asooapora, - 

211 

Ramularia, - 

• 502 

]>othiora, 

218, 249 

Asteroma, 

470 

Synchytrium,- 

- Ill 

Fuaicladium, • 


508 

Botrytis, 

269 

Tilletia, - 

- 310 

Maraonia, 


491 

Cercoapora, - 

613 

PlaAanna, Caloneotria, 164 

Melampaora, • 

364, 367 

Clasteroaporium, • 

511 



Coryneum, 

PACK 

211, 491 

Dermatella, 

292 

Gloeosporium, 

482 

Monilia, 

497 

Oidiuin, 

499 

Phyllosticta, 

463 

Podosphaera, 

174 

Puccmia, 

355 

Septoria, 

476 

Sphaeronema, 

253 

Sphaerotheca 

172 

Taphnna 150 157, 164 

Uncmula, 

178 


Prunus avitun anrl P 


CerasuB, Aacospora, 21 1 


Calosphaeria, 

226 1 

Clasterosporium, 

511 ] 

Coryneum, 211, 

491 

Cj lindrosponum. 

489 

Fusicladium 

507 : 

Gnomonia 

222 

Monilia, 261 

497 

Penicillium, 

180 

Phyllosticta 

463 

Plowrightia, 

211 

Podosphaera, 

174 

Polyporus, 439 449 

452 

Pucciiua, 

155 

Taphnna, 151 151 

163 

Prunus domestica 


Calosphaeria 

226 

Cladosponum, 

510 

Clasterosporium, 

511 

Cylmdrosponum 

4H9 

Dermatella, 

252 

Didymana, 

501 

Monilia 

497 

Mucoi, 

180 

PemciUmm, 

180 

Phyllosticta, 

461 

Plowrightia, 

231 

Podosphaera, 

174 

Polyporus, 

447 

Polystigma, 

189 

Pucci nia, 

355 

Taphnna, 151 154, 164 

Uncmula, 

1 


Prunus PadUB, Asteroraa, 47 0 
Cylmdrosponum, 488 
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Melampsora, 370 

Monilia 261 

Polyatigma, 190 

Sclerotima, 261 

Taphnna, 161, 152, 154 
Psamma, Ustilago, 293 

Pseudotsuga, AgancuB, 457 
Botrytia, 269 

Phoma, 466 

Polypoiua 450 

TrametcB, 453 

Paoralea, Aecidium 410 

Ptelea Aecidium 410 

Cercospora 515 

Pteria (aee Ferns) 

Pulicaria, Uromycea, ^36 

Pul 8 atilla( 8 tcal 80 Anemone 
Pucciiua 356 

Urocystis 116 31 

Pyrola Chrysomyxa 38( 

Melampsora, 17' 

PyruB Actmonetna 47 

Asteroma 47 

Bacteria, 5 1 

G ymiiosporangium 

385, 391 40 
Hydnuni, 43 

Melampsora, 369, 37 

Nectria 16 

Pestalozzia 4‘ 

Polyporus 445 4 ' 

Roestelia, 385 391, 

392 397,402 
Sphaerotheca 174 

PyruB (Sorbua) Aucuparia 
Gucurbitana 210 

Gymnosporaugium, 

385 191 

Melampsora, 369 

Phoma 468 

Podosphaera, 174 

Pohpoius, 444 

Roesteha 185,389,391,392 
Sclerotima, 260 

Pyrua communis 
Bacteria 531 

Entomosporium, 480 

Fusicladium, 218, 607 
Gloeosporium, 482 

2 
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Gymnosporangium, 

385, 391, 396, 

401, 403 

Monilia, 

497 

Morthiera, 

210 

Mucor, 

180 

PemciUmm, 

180 

Phyllosticta, 

463 

Plasmodiophora, 

529 

Plowrightia, 

231 

Podosphaera, 

174 

Polyporus, 

439, 444 

Roestelia 

385, 396 

Septoria, 

476 

Sphaerella, 

216, 476 

Stigmatea, 

210 

Taphnna, 150, 154, 168 

Venturid, 

21« 

Pyrus Mains, Bacteria, 531 

Cladosponum, 

590 

Fusicladium, 

218, 507 

Gloeosporium 

482 

G> mnosporangium, 

385, 389, 391, 402, 403 

Hendersoma 

475 

Hydnum, 

433 

Monilia, 

497 

Mucor, 

180 

Nectria 

186 

Oidium, 

173 499 

Penicillium, 

180 

Phyllosticta, 

463 

Podosphaera, 

174 

Polyporus, 433 

;, 445, 452 

Roestelia, 385, 391, 402 

Slime flux, 

143 

Sphaeropsis, 

472 

Sphaerotheca, 

173 

Thelephora, 

429 

Venturia, 

218 



QuercuB, Agaricus, 457 

j Aglaospora, 

226 

1 Bulgaria, 

253 

Capiiodium, 

181 

Giboria, 

270 

, Cladosponum, 

610 

r Clithns, 

248 

1 Colporoa, 

248 
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Onerous, Corticium, 452 Raplianas, Cystopiis,*' 126 

Scleroderns, 

251 

Cyclocomum,^ 

506 

Peronospora, 

* 133 

Septoria, 

476 

Dermatea, 

253 Raspberry (see Knbus) 

Spbaerotheca, 

173 

Diaporthe, 

226 

Red lot (due to Polyporeae) 

Rice (see Oryza) 


Fistulma, 

452 

Reed (see Pbragmites) 

Ridnus, Cercospora, 

515 

Gnomclhia, 

223 Reseda, Cercospora, 515 

Ring scale. 

453 

Hydnum, 

432’ 

Peronospora, 

133 

RoblniA] Aglaospora, 

229 

Marsonia, 

491 

Resin, 

62, 75 

DotWorella, 

229 

Microsphaera, 

176 

„ collecting 

78 

Nectria, 

185 

Microstroma, 

497 

,, flux. 

44, 458 

Polyporus, 

4.39 

Myxosponum, 

486 

Rhamnus, 


RbSzobium, 

102 

Pestalozzia, 

494 

Aecidmm, 346, 349, 387 

Striokena, 

204 

Pezicula, 

253 

Cercospora, 

515 

Root hypertrophy, 

26 

Phyllactmia, 

178 

Microsphaera, 

176 

„ tubercles, 99, 101 ,528, 544 

Polyporus, 43,1, 439, 440, 

Rheum Aecidium 

349 

Rosa, Actinonema, 

474 

444, 450, 452 

y.liin«.ntha.nai>A^ 


Cercospora, 

515 

Rosellinia, 

200 

bcleroderris 

251 

Cryptostictis, 

475 

SclerotiQiai. 

266, 270 

RhinanthUB, 


Dicoccum, 

506 

Slime flux 

142, 143 

Coleosporium,. 

.176 

(iloeosporium, 

483 

Stereum, 

429, 430 

Sclerotium, 

266 

Leptostroma 

480 

laphnrid, 150 

153, 167 

Rhizoctonia 

200 

Marsonia, 

506 

Thelephora, 

429, 430 

Rhizomorphs 

210 457 

Peronospora 

131 

Uredo, 

420 

Rhododendron, 


Pestalozzia, 

494 

Quinon (see (Ydonia) 

Apiosponuin 

181 

Phragmidiuin 

362 

rust (see Roestelia) 

ChrjBomyxa, 

.377, 379 

Septori. 1 , 

478 

leaf blight. 

480 

Lxobasidium, 

427 

SphaerotlucH 

172 

black rot, 

472 

(rloeosponum. 

485 

Rosaceae, Oidium, 

499 



Hendersonia, 

475 

Pei onospora 

114 

R 


Pestalosna, 

494 

Phragmidiuin, 

362 

Badisll (see Haphanus) 

Sclerotiuia 

262 

Spbaeropsis, 

472 

Radisli, horse (set 


Synchytnuni 

109 

Spliaerothtca 

171 

Armoracia) 


Rhodophyceae, 


Rose Mildew 

172 

Rannnculaceae, 


Entonema, 

,555 

Rost of V me, 

484 

Erysiphe, 

175 

j Rhus, Cercospora 

515 

Rowan (see P>ru8 


Plasmopara, 

no 

Marsonia, 

491 

Aueuparia) 


B&nuncnlus, 


Sphaerotheca, 

174 

Rubiaceae, Ifliaeuliuin 

241 

Aecidium, 

,349, 409 

Taphrina, 

151, 153 

Rubus, Ascoehyta, 

471 

Cladochytnum, 

114 

Uromyces, 

,337 

Caeoma 

419 

Cylindrosponum, 489 

Ribes, Aecidium, 

.350, 409 

(’ereospora, 

515 

Didymaria, 

501 

( aeoma. 

,368, 419 

Chrysomyxa, 

180 

Entyloma, 

312 

Cercospora, 

515 

( ladosponum, 

.509 

Fabraea, 

255 

Cronartium, 

382 

Coleroa, 

195 

Ovulana, 

501 

Gloeosporium, 

483 

(iloeosporium, 

483 

Peronospora, 

134 

Leptosphaena, 

221 

Mollisia, 

254 

Stigmatea, 

210 

Microsphaera, 

176 

Pbragmidiuni, 

.363 

Synchytnoro, 

112 

Phyllosticta, 

464 

Pucemia, 

.141 

Urocystis, 

316 

Plasmopara, 

1.31 

Pyrenocliaeta, 

470 

Uromyces, 

336, 337 

Polyporus, 

452 

Septoria, 

476 

Bnpe (see Brassica) 

Puccima, 

359 

Uredo, 

420 
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Rumea, Ustilago, 

299 

Didymosphaena, 

218 

Sedttiu, Aecidium, 

349 

Rumex, Aecidium, - 

349 

Neotria, - 

185 

Endophyllum, 

404 

Chlorochytnum, - 

550 

Phyllostieta, - 

464 

Puccmia, 

359 

Cladochytnum, 

114 

SanguiBorba, 


Septoria, 

478 

Depazea, 

465 

Phragmichum, 

363 

Seed control stations, 

65 

Ovulana, 

501 

Sanicnla, Fabraea, 

255 

Seed-sterilization, ' 

65 

Puccinia, 

355 

Puccinia, 

341 

Seedling diseases, 


Ramularia, 

502 

Saponaria, Sorosporium,325 

Fusoma, 

540 

hynchytrium, 

113 

Ustilago, 28, 297 

Peronosporeae, 116, 117 

Uromyces, 334, 337 

Saprophytes, 

1 3 

Selection against dia 


Ustilago, 

298 

Saxifraga, Caeoma, 

419 

ease, 

81 

Ventuna, 

218 

Exobasidiutn, 

427 

SeUnum, Puccmia, 

.35.3 

Ruppia, Tetramyxa, 

529 

Meldmpsora, 

370 

Sempervlvum, 


Rubcub, PhylloBticta,- 

465 

Puccinia, 

359 

Endophyllum, 

403 

Rust or Uredineae, 

328 

Syncliytrium, 

112 

Phytophthora, 

118 

Rust in Austialia, etc 

, 85 

Scabiosa, Peronospora, 

132 

Senecio, Aecidium, 350, .351 

Ruit, white, 

121 

Puccinia, 

361 

Coleosporium, 374, 

.377 

Rye (see Secale) 


Synchytrium, 

no 

Ov ularia, 

.500 



Ustilago, . 294 296 

Puccmia, 356, 359 

s 


SciUa, Bacteriosis 

538 

Ramularia, 

.502 

Saccharum, 


Pleospora, 

221 

Thielavia, 

183 

1 hielaMopsis, 

183 

Puccinia, 356, 

, 359 

Seseli, Puccmia, 

.353 

1 nchosphaeria, 

19S 

Sclerotinia, 

260 

Sesleria, Puccmia, 

.349 

Ustilago, 

284 

Uiocystis, 

316 

Tilletia, 

310 

Saffron, Uhizoctonia, 

202 

Uromyces, 

338 

Setaria, Sclerospora, - 

131 

Sagittaria, Burillia 

322 

Ustili^, 

29t) 

Ustilago, 

292 

Doassaiiia, - 123, 324 

ScirpuB, Cladochytnum 

1,114 

Ustilaginoidea, 

311 

Sainfoin (see Onobrychis) 

Claviceps, 

195 

Shelter-parasitism, 

540 

Salicomia, Utoniyces, 

3,14 

Puccinia, 352, 354 

Shepherds Purse (see 


Salix Capiiodium, 

181 

Uromyces, 

336 

Capsella) 


C ryptomyces, 

240 

Sclerotium diseases, 29, 256 

Shot hole fungi, 463, 467,513 

Didyniosphaei la, 

218 

Scorzonera, (ystopus, 

127 

Slcyos, Peronospora, 

1.34 

Dulyinosponum, 

490 

Puccinia, 353, 

356 

SUaUB, Cladochytruim, 

114 

Lejitostronia, 

480 

Ustilago, 

290 

Silene, Peronospora, 

134 

Mdainpsora, 367, 363 

ScTophularia, Ovulana, 501 

Puccmia, .340, 361 

Melasmia, 

480 

Peronospora, 

114 

Sorosporium, 

.325 

Ovulana, 

501 

Uromyces, 

338 

Uromyces, 334, 3.37 

Pe8talo/7ia, 

494 

Scropbularineae, 


Ustilago, 

297 

Polyponis, 431, 439, 444, 

Plasmopara, 

131 

Silver Fir (see Abies 



452 

Secale, Claviceps, 

191 

pectinata) 


Rhytisma, 245, 

246 

Dilophia, 

222 

SUyhum, Ustilago, • 

296 

Scleroclenis 

251 

Dilophospora 

479 

Slum, Aecidium, 

336 

beptoria, 

478 

Fusarium, 

520 

Cladochytnum, 

114 

Tramttes, 

455 

Helminthosponum, 

221 

Slime flux of trees, 

142 

Twig galls, 

532 

Leptosphaeria, 

220 

Slime fungi, 

522 

Unciimla, 

178 

Puccmia, 345, 347, 

348 

Sloe (see Prunus) 


Salvia, Puccmia, 

.341 

Tilletia, 

310 

Smllacina, 


SamSttcuB, Aecidium, 

411 

Uiocystis, 

315 

Heterosponum, 

516 

Cercoapora, 

515 

Ustilago, 

289 

Smilax, Aecidium, 

411 
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Smuts or Uatilagineae 

275 

Fusioladium, - 

608 

Sugar cane (see Saccharum) 

Smuts, stmkmg (see 


Puccmia, 

353 

Sulphur for Mildew, 68, 170 

Tilletia) 


Uredo, 

420 Sulphur puflF, • 

171 

Smynilam, Fuccinia, - 

356 

Ustilago, 282, 284 

Summer rust, 

341 

Snag-prunmg, 

77 

Spergula, Puccmia, 

361 

Sunflower (see Helianthus) 

SolamunS' Ceroospora, 

515 

Spergularia, Gjstopus, 

127 

Sunflower rust. 

340 

Phytophtliora, 

120 

Uromyces, 

337 

Sycamore (see Acer) 


Solanum l^rcopersicum, 

Spermatia and Spermo- 


SymphoricarpuB, 


Bacteria^, 

536 

gonia, 55, 328 

Aecidium, 

411 

Cladosponum, 

510 

Sphagnum, Tilletia, - 

310 Symphytum, 


Colletotrichum, 

487 

Spinach (see Spmaoia) 


Cladochytnum, 

114 

Fusanum, 

520 

Splnacia, Cladosponum, 510 

Ent} loma, 

312 

Gloeosporium, 

483 

Colletotrichum, 

487 

Ovulana, 

501 

Macrosporium, 

517 

Entyloma, 

313 

Uredo, 

420 

Phytophthora, 

119 

Heterospormm, 

516 

SymplocoB, Exobasiduin,427 

Septoria, 

477 

PeroDospora, 

132 Syrlnga, Bacteria, 

533 

Solauum Melongena, 


Phyllosticta, 

468 

C ercospora, 

515 

Botrytis, 

500 

Spinifex, Ustilago, 

299 

Diplodia, 

472 

Gloeosporium, 482, 483 

Spiraea, 


Ovulana, 

501 

Nectna, 

189 

Cylindrospormm, 

489 



Phoma, 

468 

Podosphaera, 

174 

T 


Solanum tuberosum, 


Ramulana, 

502 

Tanacetum Puccmia, 

355 

Altemana, 

517 

Sphaerotheca, 

173 

Taraxacum, Aecidium, 

351 

Bacteria, 535, 537 

Stysanns, 

519 

Fusoma 

505 

Botrytis 

268 

Triphragmium, 361, 362 

Olpidium, 

107 

Entorrhiza, 

326 

Urocystis, 

319 

Protomyces, 

141 

Hypnochus, 

428 

Spore, distribution, 

53 

Puccmia, 

353 

Macrosporium, 

517 

„ geimmation, 

46 

Synchytnum, 22, 

lOS 

Oospora, 

497 

Sporobolus, Tilletia, - 

310 

Tare (see Vicia) 


Peziza, 

268 

Spraying of Plants, 

69 

J arnng of Wcynds, 77 201 

Phytophthora, 

119 

Spruce (see Picea) 


Taxus, Capnodium, 

181 

Pythium, 

116 

Spurge (see Euphorbia) 


Phoma 

468 

Rhizoctonia, 

202 

Stachys, Puccmia, 356, 359 

Sphaerella, 

215 

Schinzia, 

326 

Septoria, 

478 

Teucrium, Puccmia, 

361 

Sclerotmia, 

264 

Starch and fungi. 

33 

Thallctrum, 


Soldanella, Puccmia, 

341 

Statics, Uromyces, 

334 

Aecidium, 349, 352 

SoUdago, Aecidium, 

411 

Steeps for fungi. 

65 

Entyloma, 

312 

Basidiophora, 

127 

Stellaria, IsanopsiB, 

520 

Puccmia, 356, 

358 

Didymaria, 

501 

Melampsorella, 

370 

Synchytnum, 

112 

Puccmia, 

359 

Sorosponum, 

325 

Urocystis, 

317 

Uromyces, 

338 

Synchytnum, 

111 

Thesium, Puccmia 

341 

SonchUB, firemia, 

132 

Uromyces, 

337 

Thlaspi, Puccmia, 

361 

Coleosponura, 

377 

Ustilago, 

297 

Tilletia, 

310 

Puccmia, 

355 

Stenactis (see Engeron) 

Thuja, Polyporus, 

450 

Synchytnum, 

113 

Stiftia, Protomyces, 

141 

Thujopiis, Caeoma, 30, 419 

Borbus (see Pyrus) 


Stipa, Ustilago, 

293 Thymus, Puccmia, 

359 

Sorghum, Bacteria, 

534 

Strawberry (see Fragana) 

Tilla, Actmonema, 

474 

Gmtractia, 

302 

Streptopus, Aocidmm, 

349 

CercoBpora, 

516 

Eudothlaspis, 

302 

Struthioptezis, (see Ferns) 

Nectna, 

165 
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Peatalozzia, • - 494 Tropaeolum, Pleospora, 221 

Phyllosticta, - - 464 Taugft, Peridermiutn, 417 

PolyporuB, - - 444 Trichosphaeria, • 197 

Tinder-fungus, ■ - 435 Tnllpa, Botrytis, - 600 

ToDaoco (see Nicotians) Puccinia, - - 359 

Tomato (see Solanum Lyco- Sclerotium, - - 500 

persioum) Ustilago, - - 299 

Sleeping disease, - 520 Ttmdp (see Brassica) 
Topiiiambur,Sclerotinia,264 TutxiflB (see also Arabia) 


Tragopogon, Urocystis, - - 319 

Fusicladiura, - - 608 Tussilago, Asteroma, 470 

Puccinia, - - 356 Coleosporium, - 376 

Ustilago, • • 296 Puccinia (Aecidium), 348 

Trlentalis, Tubnrcinia, 319 Ramularia, - - 502 

TrifoUum, Cercospora, 515 Twig-galls, - - 532 


175, 499 Tyloses, 


Macrosporium, - 517 

Peronospora, • -133 

Phacidium, - - 255 

Phyllachora, - - 229 

Polythrincium, - 229 

Pseudopeziza, - 255 

Pyfchium, - -116 

Rhizoctonia, - -201 

Sclerotinia, - - 2G5 

Sphaeronema, - 255 

Synchytrium, 107, 109 
Uromyces, 333, 336, 338 
Trlgonella, Thielavia, 183 


517 T 3 rplia, Heterosporium, 516 


Uromyces, 
Triticum, Bacteria, 
Cladosporium, 
Dilophia, 
Dilophospora, 
Erysiphe, 
Gibellina, 
Leptosphaerib, 
Mystrosporium, 
Ophiobolus, - 
Phoma, - 
Puccinia, 
Pyroctonum, • 
Sclerotium, - 
Septoria, 


Typhula, 

Urocystis, 

Ustilago, 

TroUlUB, Puccinia, 


133 Ustilago, - - 293 

255 

229 U _ 

229 Dlmaceae, Taphrina,- 149 
255 Ulmus, Apiosporium, 181 
116 Asteroma, - - 470 

201 Ccratophorum, - 512 

2G5 Cladosporium, - 511 

255 Dothidella, - - 230 

109 Nectria, - - - 185 

338 Pestalozzia, - - 494 

183 Phleospora, - - 478 

337 Phyllachora, - 496 

535 Piggotia, - - 230 

509 Pleospora, - - 221 

222 Polyporus, 435, 444, 445, 

479 452 

175 Septogloeum, - - 496 

220 Slime-flux, - - 143 

221 Taphrina, - 149, 154 

518 Uncinula, - - 178 

222 Umbelliferae^ Erysiphe, 175 

467 Heterosphaeria, 249 

1-349 Phoma, - - - 469 

114 Protomyces, • - 138 


Khytisma, • - 246 

Septoria, ■ - 47? 

Thecapbora, - - 325 

Vrtlcaceae, Peronospora, 1 35 


Vacclnium, 

Calyptospora, - 370 
Exobasidium,- 423, 426 
Gibbera, - - 204 

Melampsora, - - 370 

Podosphaera, - - 175 

Sclerotinia, 256-260, 263 
Synchytrium,- - 109 

Valeriana, Puccinia, - 356 
Uromyces, - - 334 

VauUla, Gloeosporinm, 485 
Veratrom, 

- Heterosphaeria, - 249 

Puccinia, • • 356 

Uromyces, - - 337 

Verbascum, Phoma, - 469 
Ramularia, - - 502 

Uromyces, - • 338 

Veronica, Ovularia, - 501 
Peronospora, - • 134 

Puccinia, - - 361 

Schroeteria, - - 328 

Septoria, - - 478 

Sorosphaera, - - 530 

Stysanus, - . 519 

Vetch-rust, - - 333 

Viburnum, Actinonema, 474 
Cercospora, - - 516 

, Microsphaera, 176 
Plasmopara, - - 131 

Ramularia, • - 502 

Vida, Ascochyta, - 473 
Cercospora, - • 615 

Erysiphe, • -175 

Peronospora, - -132 

Phyllosticta, - - 484 


477 Umbllicos, Puccinia, • 361 Uromyces, 333, 334, 336 


Tilletia, - 306, 309, 310 Uredlneae, Darluca, 


■ 431 Tuberculina, - 

- 316 Uromyces, Darluca, 
288, 293 Urtioa, Aecidium, 

- 366 Ramularia, - 


' Vinca, Puccinia, 
Vine (see Vitis) 
bird’s eye rot, 
I black rot, - 
: false mildew, 
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V!to«, mildew, - - 176 Phoma, - - 216,467 

^ root^lungus,. ' - 202 Plasmodiophora, 528, 529 

vine-epidemics, 81, 84 Plasmopara, - 81, 128 

white rot, • - 471 Pseudocommis, - ^^529 

Vines, American hybrid, 81 Sclerotinia, - • ^267 

Vingerztekte, • - 524 Septosporium, - 519 

Viola, Ajwidium, • 410 Sphaceloma, - • 467 

Cercoapora, • • 515 Sphaerella, - - 215 

Gloeosporinm, - 485 Uncinula, - - 176 

Ovularia, - - 500 Uredo, - - - 420 

Peronospora, - - 134 

Phyllopticta, - - 464 ^ 


Puociuia, 840, 359 Wallflower (see Cheiranthus) 

Synchytrium,- 112,113 WalBUt (see Juglans) 
Urocystis, 16,21,31,317 Weinstockfaule, - 202 
Violet-rust, - 340 Weymouth Pine (see 

Viscaria (see Lychnis) Finns Strobus) 

Vltls, Ascochyta, - 473 Wheat (see Triticum) 

Aureobasidium, - 428 White-rot of timber . 

Bacteria, • - 534 (duetoPolyporeae) 

Botrytis, - 180,267 WUlow (see Salix) 
Cereospora, - - 513 Witches’ Broom, due to 


Cladochytrium, - 114 Aecidium, 18,24,72,88, 

Cladosponum, • 510 404, 410 

Colletotrichum, - 488 Caeoma,- - • 418 

Coniothyrium, - 471 Exoa8ceae,19,24,52, 145, 

Dematophora, - 202 158, etc. 

Gloeosporinm, 482, 484 Ravenelia, - - 403 


Laestadia, - - 216 Wood-destroying fungi, 

Leptosphaeria, - 221 % 34, 36, 62, 72 

Oidium, - - 177, 499 (see also Polyporeae, 

Peuicillium, - - 180 Agaricus, Nectna, etc.) 
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Wound-coric, - 42, 76 

„ -duramen, - 76 

„ -infection, • 75 

„ -parasites, 5, 17, 72, 
75, 142 

(see also Polyporeae, 
Nectria, etc!) 
,i^-treatment, - 75 
Wounds from animals, 78 

X 

Xanthoxylnm, 

Aecidium, - - 410 

Y 

Teast (see Saccharomyces) 
Yew (see Tax us) 

Z 


Zea, Bacteria, • • 535 

Helmmthobporium, 512 
Pucciuia, - 353 

Pythium, - -116 

Tilletia,- - • 310 

Uredo, - • - 420 

Ustilago, 279, 281, 282 

Zinnia, Sclerotiuia, 264 

Zizania, Ustilago, 294 

Zizyphus, Geiihaleuros, 553 
Zoocecidia, - - 25 




